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GENERAL INTRODUCTION 


This bulletin describes one hundred thirty fuel tests with 
house-heating boilers. For convenience, it has been divided into 
three parts. 

Part I describes 48 tests made by the Engineering Experi- 
ment Station of the University of Illinois, when burning the vari- 
ous kinds of fuel commonly used in house-heating work in the 
state of Illinois. 

Part II relates to 58 tests made under the direction of the 
United States Geological Survey at St. Louis, Missouri. Of these 
tests, 47 were upon briquetted fuel, and 11 upon raw coal. 

Part III describes 24 tests made by the Engineering Experi- 
ment Station of the University of Illinois, using briquetted fuel. 

All these tests were conducted under conditions which dif- 
fered considerably, and by methods differing more or less in de- 
tail. The tests made by the Engineering Experiment Station at 
the University of Illinois extend over a considerable length of 
time and have been carried on by regular members of the fuel 
test division, occasional changes in the personnel having been re- 
quired. The observations on the tests made at St. Louis were all 
made by one observer. For these reasons, therefore, the results 
are hardly comparable, except in a more or less general way, and 
little attempt has been made to make such comparisons. 

The descriptive matter and discussion included in each part 
apply to its own series of tests, unless otherwise stated. Most 
of this descriptive matter and discussion has been incorporated 
in connection with the tests of Part I. Part II and Part III are 
for the most part a compilation of data and results of the tests 
considered. The tests made at St. Louis under the supervision 
of the United States Geological Survey are reported and discussed 
in Bulletin 366 issued by that department. The Engineering Ex- 
periment Station is under obligation to the United States Geolog- 
ical Survey for the information concerning the St. Louis tests 


here published. 
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I. Fur. TESTS WITH HOUSE-HEATING BOILERS MADE BY THE 
ENGINEERING EXPERIMENT STATION 
(48 tests with representative fuels) 


1. Introduction 


The purpose of these tests was in general two-fold. First, 
to obtain the information usually obtained from boiler trials when 
operating upon house-heating boilers with various types of fuel 
commonly used for domestic purposes, in order that comparison 
might readily be made; second, to obtain information that might 
assist in developing satisfactory methods for conducting house- 
heating boiler trials whether the object of the test be to test the 
fuel, the equipment, or the two combined. 

Some of the more important deductions drawn have been 
summarized in the paragraphs immediately following. The data 
and discussion relative to these deductions will be found in subse- 
quent portions of the bulletin. The conclusions regarding meth- 
ods for conducting house-heating boiler trials, having been drawn 
from one series of tests during which most of the important con- 
ditions were maintained constant, they can be considered as of 
only a preliminary nature. Further tests, under varying condi- 
tions, will, it is hoped, furnish further information in this connec- 
tion. It was deemed advisable to present the information relative 
to the tests as fuel tests at this time together with such sugges- 
tions as could be made in regard to methods for conducting such 
tests. 


2. Summary of Conclusions 


A. ficiency and Fuel Cost 

(1). The evaporative efficiencies of house-heating boilers vary 
greatly with changes in other conditions and extreme care should 
be used in making comparisons. 

(2). The efficiencies for the tests under consideration varied 
from 44% to 66%; thus covering about the same range or a some- 
what lower range than is found in power boiler work. 

(3). A still wider range of efficiencies will exist under the va- 
riable capacity conditions common to average residence heating 
work. 
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(4). The range in efficiencies found was due principally to the 
different kinds of fuel tested. 

(5). Fuels high in fixed carbon content, such as anthracite and 
coke, give relatively high efficiencies as compared with fuels low 
in fixed carbon content. 

(6). Present methods of burning and present types of boilers are 
particularly well adapted to burning anthracite and other coals 
high in carbon content. 

(7). Coke burning presents special problems as to methods of 
burning and construction of equipment. 

(8). A high fixed carbon content as opposed to a high volatile 
content is desirable in a fuel for domestic purposes. 

| (9). The low efficiencies with fuel of high volatile content, such 

as the Illinois coal, indicate the necessity of improvement as to 
equipment and methods of burning in order that this fuel may be 
placed more nearly on an equal footing with other fuels in this 
respect when employed for house-heating purposes. 

(10). Variations in efficiencies, apparently due to slight changes 
in fire and other conditions indicate the possibility of obtaining 
higher efficiencies in many cases by careful attention to details 
relating to fuel, operation and equipment. 

(11). Illinois coal may be obtained at from ¢ to % of the cost 
per ton of anthracite. The cost per British thermal unit will be 
relatively slightly higher for Illinois coal than when expressed 
as cost per ton. Roughly, however, 10,000 B. t. u. can be pur- 
chased in Illinois coal at from ¢ to 4 of the cost in anthracite. 

(12). Illinois coal is considerably cheaper, expressed both as 
cost per ton and as cost per British thermal unit than Pocahontas 
coal or coke. 

(13). Fixed carbon can be bought much more cheaply in the 
form of coke than as anthracite, and at as low or lower a price 
than it can be purchased in Pocahontas or Illinois coal. 

(14). With Illinois coal as fuel, water can be evaporated in 
house-heating boilers at about 50% of the fuel cost of anthracite 
and about 75% of the fuel cost of Pocahontas coal or coke. 

(15). The relatively low cost of Illinois coal especially as com- 
pared with the eastern coals will insure its continued use for do- 
mestic purposes. The amount of this fuel used for such purposes 
will probably increase in spite of the disadvantages at present 
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connected with its burning. This condition emphasizes the ne- 
cessity for improvement in the methods of burning the cheaper 
fuel. 

(16). The low fuel cost of evaporation for Illinois coal as com- 
pared with coke is considerable and will insure the continued use 
of the raw coal until prices of the two fuels are more nearly equal. 
Improvement in methods of burning and equipment are needed 
for burning each of these fuels and such improvements will, 
doubtless, affect the relative quantity of each which is used. 

(77). Improvements tending toward a reduction of smoke, dirt 
or other disadvantages connected with the burning of the cheaper 
coal will, doubtless, also increase the efficiency with which that 
fuel may be used and make the fuel cost differences still more 
favorable to the cheaper juel. 

(78). Based wpon present prices of Illinois coal and considering 
evaporative performance only, anthracite, for instance, is worth 
only from $3.00 to $4.00 per ton. The additional amount which 
is paid for it must be considered as expended for advantages pos- 
sessed by the anthracite, such as cleanliness and ease of fire con- 
trol, which are not possessed by the other fuel. 


B. Cleanliness, Control, Attendance 

(19). Anthracite and Pocahontas coal are particularly well 
adapted to maintaining uniform pressure and fire conditions over 
a long period of time with little attention. The quick-burning 
Illinois coals are much less reliable in this respect. 

(20). Satisfactory regulation is more readily accomplished with 
the eastern fuels and with coke than with the Illinois coal. 

(21). The total attendance required may be considerably less 
when burning anthracite than the other fuels. The same may be 
said in general as between coke and Pocahontas as compared with 
the Illinois coal. This condition would be especially noticeable 
in connection with heating apparatus used in residence work. 

(22). Anthracite and coke possess marked advantages over the 
other fuels, especially over the Illinois coal, with respect to 
cleanliness. They are in general cleaner in and about the boiler 
room and do not smoke, either from the chimney or in the boiler 
room. Little trouble is had with soot or ash in the flues and with 
reasonable care noxious gases should not be given off in the fur- 
nace room; also, the ash is small in amount and easily handled. 
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Clinkering may take place to some extent. 

(23). Pocahontas coal is less clean to handle than anthracite 
or coke, makes some smoke, soot and other dirt and burns with a 
small amount of very easily handled ash which is not apt to 
clinker. 

(24). Illinois coal, comparatively speaking, smokes badly, 
deposits a large amount of soot in the flues, may cause the emis- 
sion of smoke and noxious gases into the boiler room. It is dirty 
to handle in and about the boiler room. The amount and per- 
formance of the ash in the fire-box vary considerably with dif- 
ferent kinds of Illinois coal. In general, however, the ash is con- 
siderable in amount and clinkers to a greater or less extent, some- 
times badly. 

(25). Washing and sizing Illinois coal eliminate to a very con- 
siderable extent the objectionable features with regard to smoke, 
soot, dirt and ash just mentioned. 


C. General 

(26). In considering house-heating boiler tests, a number of im- 
portant considerations, such as efficiency, fuel cost, attendance, 
control, cleanliness and equipment must be taken into account. 
The relative importance of such factors can not be stated definite- 
ly and varies greatly with the nature of the service required of 
any given installation. 

(27). Efficiency and fuel cost may become the items of greatest 
importance where heating work is upon a comparatively large 
scale approaching power boiler conditions. 

(28). Simplicity and the ease with which the heating apparatus 
can be cared for may be of greater importance than high evapo- 
rative efficiency. 

(29). The condition which requires the minimum amount of at- 
tendance may be the most satisfactory and economical and more 
than offset the consumption of some extra fuel. 

(30). The ability to get up steam quickly, and to maintain uni- 
form pressure and fire conditions over comparatively long periods 
of time may be of greater importance than questions relating to 
either fuel or equipment. 

(31). The desire or necessity for cleanliness with respect to 
smoke, soot, ash and dust or dirt in the boiler room, may warrant 
the use of high priced fuel. 
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D. Method of Conducting Tests 

(32). In general the test should be made under conditions 
approximating those of the service which is required of the fuel 
and equipment. ‘To do this will require tests of two kinds. 

(a) If the load demand is fairly constant and comparatively 
high, test at the required load in a manner generally similar 
to that employed in power boiler work, making evaporative 
performance the main item sought. 

(b) If the load demand is very variable, test under condi- 
tions approximately similar to operating conditions. In such 
tests questions relating to attendance, cleanliness and control 
will generally be found of equal or greater importance than 
those relating to efficiency and the tests should be so con- 
ducted as to give the fullest information possible along these 
lines. 

(33). Make the tests classified under (a) of paragraph 82 at 
least 16 hours long and to consist of at least three firing charges 
of fuel. 

(34). Make the tests classified under (b) paragraph 82, 24 
hours long. 

(35). Use the standard method for starting and stopping all 
tests, that is, start the test with a fresh fire and close it by draw- 
ing the fire and allowing for the residue of unconsumed fuel thus 
obtained. 

(36). No conclusions are offered as to the best method of con- 
ducting tests for the purpose of determining the proper rating to 
be given to particular apparatus. Further tests to be reported 
upon later will, it is hoped, be of service in this connection. 


38. General Discussion of the Problem Relating to Tests of Fuel in 
House-heating Boilers 


(1). To determine the relative value of a fuel for different 
purposes or of different fuels for a given purpose, it generally 
seems advisable to make the tests in connection with the appara- 
tus with which the fuels would ordinarily be employed, and under 
conditions at least approximately similar to those of every day 
practice. Laboratory methods, such as chemical analysis and 
calorific determination, are in general considered as only a part 
of a fuel test and are employed along with other data in inter- 
preting the results. We thus have fuel tests made in connection 
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with boilers, gas producers, coking ovens, furnaces, and other 
devices in order that the results and deductions may be applicable 
to the particular problem in hand. In any given branch of fuel 
testing this process of applying particular conditions may be 
carried still further. 

(2). Small heating units as compared with large units.—The fuel 
tests here considered were made in connection with house-heating 
boilers of comparatively small size. On account of the small 
amount of available information relative to a satisfactory method 
for conducting house-heating boiler tests, one of the principal 
purposes in conducting these tests was to obtain information that 
would assist in developing sucha method. Fuel tests with house- 
heating boilers will of necessity be similar, in many respects, to 
the tests made in connection with power boilers. While not over- 
looking the difference which must exist, due to the unlike condi- 
tions under which these two types of boilers operate, and the 
purposes for which each type is operated, it was deemed advisable 
as a first step in this work to make a series of tests upon house- 
heating boilers as nearly as possible by the methods which have 
been found satisfactory when testing with power boilers. 

In work with the large units, fuel cost is generally the im- 
portant factor, and the highest evaporative performance that can 
be obtained per dollar expended for fuel is the condition desired. 
Conditions relating to attendance, equipment, cleanliness and 
methods of operation are of secondary importance, and are ca- 
pable of considerable variation or adjustment (depending upon 
the size and importance of the installation) in order to obtain a 
high rate of evaporation. Conditions surrounding house-heating 
boilers are, however, of such a nature that they can not be readi- 
ly changed. Higher rates of evaporation and more efficient rates 
of combustion could, doubtless, often be obtained by having a 
fireman in constant attendance. The cost of such attendance is, 
however, in most cases prohibitive. The use of unusually ex- 
pensive, complicated, or large apparatus is from the nature of 
the service undesirable. Conditions relating to equipment and 
attendance may be of so much greater relative importance than 
low cost of evaporation as to permit of relatively inefficient per- 
formance in order to satisfy those considerations. In many in- 
stances it will be found that the condition which requires the min- 
imum amount of attendance is the condition which is most satis- 
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factory and the advantage of simple, easily cared for equipment 
will more than offset the consumption of some extra fuel. It may 
be of much greater importance to get steam up quickly, or other- 
wise produce the desired heating effect quickly, and to be able to 
maintain a uniform rate of heat generation through a considerable 
length of time, than it is to furnish that heat at the lowest possi- 
ble fuel cost. Such considerations may warrant the use of high- 
priced fuels or the sacrifice of evaporative efficiency for the sake 
of ease of fire control. Regulation, ease with which good fire 
conditions are maintained with respect to ash and clinker, the 
tendency of flues to become fouled, dirt in the form of dust, 
smoke, soot, or ash, whether from the coal pile, the fire-box, or 
chimney, are all important considerations aside from their rela- 
tion to evaporative performance. 

(3). Outline.—In order that the results of house-heating 
boiler tests may be of the greatest use, it becomes desirable to 
report more or less fully upon quite a number of conditions. The 
following outline presents most of the questions which will arise 
in making fuel tests with house-heating boilers. 

Efficiency 
(a) Evaporative performance, including efficiencies 
of the boiler and furnace, grate, and of the 
plant. 
(ob) Fuel cost for heat delivered. 
Control 
(a) Time required to get up steam pressure. 
(vo) Length of time of holding uniform pressure and 
satisfactory fire conditions without attention. 
(c) Uniformity of regulation. 
(d) Total attendance. 
(e) Capacity. 
Cleanliness 
(a) Dust and dirt in boiler room. 
(bo) Ash and clinkers. 
(c) Soot and ash in flue. 
(2) Smoke. 
(ec) Smoke and gases in furnace room. 

(4). Relative importance of conditions.—It is obviously impos- 
sible to measure exactly just what is the relative importance of 
the factors as above grouped under control and cleanliness, as 
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compared with boiler efficiency and evaporative performance, but: 
it is evident that they are of much greater relative importance 
when considering house-heating boilers than when considering 
power boilers. It is also true that the importance of certain fac- 
tors will vary greatly according to the service rendered. In heat- 
ing large school buildings with house-heating boilers the condi- 
tions may approximate very closely conditions in power work, and 
evaporative performance will be the item of greatest importance, 
while in the case of heating a small residence, cleanliness and 
ease of control may readily seem to be of first importance. 

(5). Capacity.—The problem or problems in connection with 
each of the items mentioned are probably evident, with the pos- 
sible exception of the item capacity which is listed under the head 
of control. In the case of a house-heating boiler, the question 
relative to capacity which is of importance, is how many square 
feet of radiation can be served by the boiler through comparatively 
long periods of time without attention, except at the time of firing. 
It is generally desired to know how many square feet of radiation 
can be served through a period of from six to eight hours without. 
attention during that time. The same amount of fuel consumed 
within a short time should serve more radiating surface per hour 
than when burned during a longer period of time. The one hour 
period as employed in defining a horse-power, and as used in rat- 
ing power boilers, is not satisfactory for comparative purposes in 
connection with house-heating boiler work. In this kind of work, 
then, in order that information relative to capacity may have the 
greatest usefulness, it should be based upon the evaporation 
which can be obtained during a period of from six to eight hours 
without attention, rather than upon the evaporation obtained in 
one hour with whatever attendance may be required. Thus a. 
boiler rated at 1000 square feet should be capable of serving that 
amount of radiation without attention for a much longer time than 
one hour. In order to give satisfaction as a house-heating boiler, 
it should probably be able to serve that radiation for a period of 
at least six hours without attention during that time. 

(6). Purpose of tests.—In carrying on the tests herein reported 
it soon became evident that it would be difficult to conduct tests 
so that suitable data concerning all of the above mentioned items 
could be obtained from any one test. Tests so run that the data 
would be of the greatest comparative value, for instance, in the 
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case of the items grouped under efficiency, made the data concern- 
ing some of the items appearing under control and cleanliness, 
of little value in their relation to house-heating conditions. The 
lack of a satisfactory method of making tests, or of one generally 
accepted as such, was apparent. Under these circumstances it 
was deemed advisable to make a series of tests according to the 
A. S. M. E. code for conducting boiler trials. Accordingly, the 
tests herein reported have been, in the main, run in accordance 
with the recommendations contained in that code. The purpose 
of the tests thus becomes twofold; first, to obtain the information 
usually obtained from boiler trials when operating upon house- 
heating boilers, with various types of fuels; second, to obtain 
information that might assist in developing satisfactory methods 
for conducting house-heating boiler trials. The second end, it 
was thought, could best be attained by at first making use of the 
A. S. M. E. code. The adoption of this code as a guide in con- 
ducting the tests tends to lay the greatest stress upon questions 
relating to evaporation and efficiency. While not overlooking the 
importance of questions relating to capacity, regulation, attend- 
ance, and cleanliness, conditions were so arranged as to make 
evaporative performance the main item sought, and the best basis 
of comparison for this particular series of tests. It is, however, 
intended to conduct several additional series of tests in which 
more attention may be given to some of the other items just 
mentioned. 

(7). Variable conditions.—Fuel or steaming tests in connec- 
tion with boilers as small as the average house-heating boiler, and 
especially when carried on under the average conditions under 
which such boilers are operated, present difficulties which are 
much more pronounced than when conducting similar trials upon 
larger apparatus. The low rate of combustion under ordinary 
circumstances, and the low capacity at which the average house- 
heating boiler is operated, either all or part of the time, tend to 
make the results of different tests unsatisfactory for purposes of 
comparison, as itis exceedingly difficult under these circumstances 
to obtain uniformity of conditions between different tests. Appar- 
ently slight variations in fire conditions might have considerable 
influence upon results. 
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(8). Amount of fuel conswmed.—The determination, with suf- 
ficient exactness, of the amount of fuel consumed presents dif- 
ficulties in the case of small apparatus which are not encountered 
to the same extent with larger apparatus. The quantities of coal 
barned and water evaporated for tests of equal length may easily be 
ten or twenty times as large when testing with a power boiler as 
when testing with a house-heating boiler, and errors in determining 
these quantities may readily be a much greater percentage of the 
total in the case of the small boilers. Errors of this kind are in 
general most likely to occur at the beginning or end of the test, 
as in judging the amount of fuel consumed, or determining the 
weight of the water in the boiler. Probably the most noticeable 
error of this kind is to be found in the usual or so-called alternate 
method of starting and stopping boiler trials. The alternate 
method of the code of the American Society of Mechanical Engi- 
neers for conducting boiler trials provides for beginning and end- 
ing the test when the fire conditions are such that equal amounts 
of unconsumed combustible and of ash are upon the grate for the 
two times under consideration. That this condition may be met 
requires judgment and careful operation. In the average power 
boiler trial the fuel burned and ash removed amount to many 
times that which may beupon the grate at the start or stop of the 
test, and a mistake in judging the fire conditions at those times 
will make acomparatively small error in subsequent calculations. 
This, however, is recognized as a possible source of error of con- 
siderable importance, under the most favorable conditions, when 
testing power boilers. Inthe case of very small boilers, especially 
in those having a comparatively deep fire bed such as is often used 
in house-heating boilers, the quantity of fuel upon the grate at 
the beginning and end of a test would be a very considerable pro- 
portion of the total fuel burned, unless the test was of consider- 
ablelength. About the same assumptions with regard to the two 
types of boilers would show that the error expressed in per cent 
of fuel consumed might readily be four or five times as great in 
the case of the house-heating boilers as in the case of the power 
boilers. 

(9). Standard method for starting and stopping test.—This dif- 
ficulty can be met in two ways. The test can be made longer, in 
which case the error becomes correspondingly smaller as ex- 
pressed in per cent, or a method of starting and stopping the 
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test can be employed, intended to eliminate or diminish the error. 
The standard method of the code of the American Society of 
Mechanical Engineers provides for the raising of steam pressure 
by means of a preliminary fire, withdrawing that fire and begin- 
ning the test with a new fire built with a known weight of fresh 
wood and coal. At the end of the test, the fire remaining is 
drawn and allowed for in subsequent calculations. When test- 
ing power boilers the standard method occasions some additional 
work and trouble, and there is considerable difference of opinion 
even among experts as to which method, the alternate or the 
standard, is the better. By far the greater number of boiler 
trials are probably begun by the alternate method, on account of 
that being the more convenient, and because of this lack of definite- 
ness as to which method is the better. In the case of the house- 
heating boiler the comparatively large amount of fuel upon the 
grate; the lack of uniformity of fire conditions at different times 
during the test; the difficulty of duplicating fire conditions as de- 
sired; and the difficulty of accurately estimating the amount of un- 
consumed fuel and ash in the fire-box, make the alternate method of 
starting and stopping unsatisfactory, and necessitate some plan 
more in accordance with the standard method, in order that the 
fuel consumed may be determined with sufficient accuracy. 

(10). Tests by societies and individuals.—Societies and indi- 
viduals interested in this kind of work have from time to time 
reported tests, or discussed methods for making such tests, but 
apparently without making definite recommendations that have 
been found satisfactory for the guidance of others, or that have 
been adopted generally enough to make comparisons possible or 
of value. The number of tests of this kind which have been re- 
ported is surprisingly small as compared with the number of 
tests conducted upon power boilers. Probably the greatest amount 
of work in this line has been done by the manufacturers of heat- 
ing apparatus. The results of their investigations are, however, 
either not available or are applicable to particular makes of ap- 
paratus only, rather than to the problem as a whole. 


4. Fuel 

Table 1 presents in tabulated form the different kinds or 
types of fuels tested, the section of the country from which they 
were received, and their size. 
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TABLE 1 


DESCRIPTION OF FUELS TESTED 


Kind or Type of Fuel Sa a arse Source of Fuel 
PAnthraciten tere sccee cea: roc aietersinetale ators 2% to 2 Wyoming District, Pa.......... 
Pocahontas. i. ony: wus LUND eeccce sees - Mercer County, W. Va.........- 
Coke—Gas-house by-pro- 3% to % Mnfd. by U. & C. Gas Co., from 

GHCES winhi canna emacs wear Crushed..... ater? Youghiogheny coal .......... 
‘Coke—Solvay process....|Crushed, Nut size. 1% to % Obtained from Chicago market 
IUPNGAS So oaonmopedbooo GacSce ANU Mice Stee elnarran 1% to1 Williamson County..:. ......0 
DNIROIS=s cw Pasoa noses Screened lump.... * MaconiCounty..-. ..s0-eeteeeeee 
MUUIIMNOIS ereves vspeiciacteseis ae Screened lump.... 3 Vermilion County:.. see 


* All large lumps were broken to pieces 6 inches or less in diameter. 

The fuels here listed are fairly representative of those used 
in house-heating work in the state of Illinois, namely: anthracite 
coal, eastern bituminous coal, coke and Illinois coal. The Illinois 
coals are typical of those most commonly used in this section of 
the State, coming from the southern, eastern, and central por- 
tions of the State. These fuels were purchased in the local 
market, either Champaign or Urbana, in lots of three tons or less, 
with the exception of the Solvay coke, which was obtained from the 
Chicago market. The anthracite and the Illinois coal from Macon 
County were, judging from the appearance, rather below the aver- 
age quality of coal of these kinds as they appear in this market. | 
Chemical analyses, given in Table 12, page 74, Appendix A, give 
more exact information as to the exact composition of all of the 
fuels used. ‘l'aken as a whole, however, judging from general 
appearances, these fuels were fair samples of what the average 
householder might expect to obtain. 


5. Methods of Conducting Tests 

(1). Starting and stopping the test and handling the fire.—The 
methods recommended by the A. S. M. E. code for conducting 
boiler trials were in general followed in conducting these tests. 
The tests varied in length from 7.97 hours to 26.53 hours. With 
each fuel, tests approximately 8, 16, and 24 hours long were made 
upon each of the two boilers. The standard method of starting and 
stopping the trials as prescribed by the A. S. M. EH. code was 
used. Steam pressure was raised by means of a preliminary fire, 
and the boiler run at a pressure of at least five pounds for a short 
time to insure fairly uniform conditions in and around the boiler. 
The preliminary heating usually required about one hour. At 
the start of the tests the preliminary fire was rapidly removed 
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and a fresh fire started with a weighed amount of wood and the 
first charge of coal. The test was started when the wood was 
ignited, at which time observations of time, water-levels, and 
pressures were taken. The kindling and entire amount of first 
charge of coal were ordinarily fired before the fire was lighted. 
The only exceptions to this were in cases where the kindling was 
ignited by the hot grates before all of the coal was fired. This, how- 
ever, only delayed the firing of the entire charge of coal a few min- 
utes after the start of the test. Inalltests made with Boiler D1, 75 
lb. of fuel were fired ata time, and in all tests made with Boiler D2, 
105 lb. of fuel were fired at a time. These amounts, as compared 
with each other, are closely proportional to the grate surfaces of 
the two boilers. On account of all fuel charges being the same in 
amount, and also on account of the fact that a test was not ended 
until the fuel was so completely burned that pressure could no 
longer be maintained, many of the tests varied considerably from 
the 8, 16, or 24-hour period under which they are classed. A 
pressure of approximately five pounds was carried on the boiler. 
After a charge of fuel had been fired, the fire was not again 
touched until the next firing, if the automatic regulation was suf- 
ficient to keep up steam pressure without other attention. In 
case it became necessary in order to maintain pressure, there be- 
ing plenty of unconsumed fuel in the furnace, the fire was poked 
or otherwise worked as seemed desirable. 

(2). Method of firing.—For the tests with anthracite, coke 
and Pocahontas coal the fuel was fired by the spreading method, 
that is, the fresh fuel was spread about evenly over the entire 
grate surface. For the Illinois coals, on account of the liability 
of explosions due to gas collecting in the combustion chamber 
and flues, it was deemed advisable to fire by a method approach- 
ing the coking method. With the boiler Di: the fresh fuel was 
fired more heavily at one side of the furnace than at the other, 
allowing the fire to burn up brightly much more quickly upon the 
side thinly fired than would otherwise have been the case. With 
boiler D2 the burning fuel which remained in the furnace just be- 
fore firing, was in part pushed or raked toward therear of the 
grate, and the greater part of the fresh charge fired in front. 
This allowed the fire upon the back part of the grate to burn 
brightly almost from the time of firing. 
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(3). Attention.—The effort was made throughout to reduce to 
@ minimum the amount of attention given the fire between times 
of firing. The attention which the fire did receive, however, 
which might be considered as additional to what would be expect- 
ed in ordinary house-heating work, was given in accordance with 
the desire to have the tests fairly comparable upon an evapora- 
tive performance basis, rather than to obtain data relative to 
attendance conditions. 

(4). Ash and residual fuel.—The fire was drawn at the end of 
the test, when the boiler pressure dropped below four or five 
pounds on the last firing, and did not againrise upon the opening © 
of the damper and the closing of the check. Just as the grate 
was dumped, final observations concerning time, water, temper- 
atures and pressures weretaken. The material drawn out at the 
close of the test was immediately put into a galvanized can with 
a close fitting cover to prevent further combustion. Analysis of 
this partly consumed or residual fuel furnished suitable corrections 
in the determination of the amount of fuel actually burned. The 
ash was kept separate from the residual fuel, being taken from 
the furnace and ash-pit before the fire was drawn. 

(5). Sampling of fuel, ash and residual fuel.—The fuel was sam- 
pled in the usual manner by taking a small portion from each fir- 
ing. The sample so collected varied from about 5 per cent to 10 
per cent of the total fuel fired. It was collected in a can with a 
closely fitting cover, and, within a few hours after the close of 
the test, was thoroughly mixed, crushed to ¢ in. size or smaller, 
and quartered until a 1000 gram sample was obtained. This 1000 
gram sample, placed in a suitable pan, was air-dried and then 
transferred to the Chemical Laboratory in glass jars for the pur- 
pose of chemical analysis. 

The ash and residual fuel were eae run through a laboratory 
crusher reducing them to pieces + in. or smaller. They were 
then quartered, accompanied with thorough mixing, until samples 
were obtained of each, which would about fill a one quart glass 
jar. 

(6). Chemical analyses.—Al1l chemical analyses were made at 
the chemical laboratories of the University of Illinois. Proximate 
analyses and calorific determinations of the fuel were made for 
each test or for each group of two tests, where the two boilers were 
operated simultaneously upon the same fuel. The ash and residual 
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for each test were analyzed for carbon and earthy matter. Ulti- 
mate analyses were made from composite samples for each fuel 
tested. The composite samples were made by combining from each 
of the air-dried samples an amount proportional to the fuel burned 
as represented by each sample. Calorific determinations were 
made in a Mahler-Atwater oxygen calorimeter. In Table 12, 
page 70, will be found analyses of the ash and residual fuel as to 
carbon and earthy matter, and the proximate analyses of the 
fuel for each test. 

In Table 2 are given the proximate and ultimate analyses of 
the fuels as made from the composite samples. 


TABLE 2 
ANALYSES OF COMPOSITE SAMPLES 
Per Cent 
Proximate Analysis Ultimate Analysis 
Fuel as Fired Dry Fuel 
Kind of Fuel © 8 q H 
a of] 3 eH A bb 8 2 5 
O65 ce) re a a fo) on S fe! a 
<i 8 ny i) (am H pb Sa [27 x» 
ES eos erie ett Sell call es Me eal ame 
> S o i iS) % n 
PATIO EAGT GE 55 ojorcrsun ie wait guste psevens a een 77.68] 7.07| 3.47) 11.78] 81.33) 2.12 L82irO.9% 4) 16h 12k 
POOR OUP lanmanne joteeii pe dons ....| 73.48] 19.50) 1.90) 5.17) 84.20) 4.7 3-61) 1.14 | 1.00 5.26 
Gas HOUSE COKE ca oe o.c sont fone dnebs 81.74] 2.74] 5.7 9.79) 86.05} 9.83 0.41) 0.91 | 1.41 | 10,39 
Solvay coke feleiaesfeten-tstqupy ch eeuister=y ene 85.76) 2.45) 1.51] 10.28) 86.84] 0.58 0.28] 1.21 | 0.65 | 10.44 
Illinois, Williamson county,....... 4%.42| 36.28] 6.66] 8.64] 71.62)5.19 | 10.29] 1.53 | 2.11 9.26 
Diinois, Macon county............. 40.56} 37,67) 10.01] 11.76] 66.98) 4.63 | 10.34) 1.42 | 3.56 | 13.07 
Illinois, Vermilion county....... | 40.35) 89.57} 11.14 94) 73.22) 4.43 | 8.29] 1.52 |} 2.48 | 10.06 
TABLE 38 
AVERAGE PROXIMATE ANALYSES OF FUEL AS FIRED 
Per Cent 
ak | 3 
\ H a Din. 
a | 2 | 8s 26 
= = aS 2 2 Se 
ms 3 a | oe | 3 a Bie 
Kind of Fuel o © esate @ 2 a ee 
ce = 2a 5 = 2 a3 
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> & gs a oe ae 
co © Or S oq 
> Ss o 
INTO RYON Ka cesar COSMO U MOO MR OCAG aaa 78.55 yavitl 84.32 3.93 ig RRs a eels 12682 
TROCANONGCAS teecccin cer deatemteceedaissael | amos 19,49 92.82 2.01 Sal? 0.98 14753 
(Gas HOUSE COKE ncnv ncn Gen di aun pe seaeni COMO 3.34 84.02 5.92 10.06 1.15 12053 
Solvay COKE. .-. 6. scene eee cone ees 85.80 2.14 | 87.94 1.60 10 46 | 0.65 12505 
Tllinois, Williamson county............. 48.07 | 36.27 84.34 6.55 7.27 2.09 12275 
DUGMos. Macon: County ..ccmenieccs snuedser 40.84 37.56 78.40 10.24 11.36 3.19 11005 
Illinois, Vermilion county..............+ 40.36 39.53 79.89 11.18 8.93 2.21 11546 
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Table 8 gives values for the proximate analyses of the dif- 
ferent fuels obtained by averaging the values for all tests with 
each fuel. The averages included in this table are computed by 
giving weights to the values for each test proportional to the 
weight of fuel fired. A comparison of the average values for 
each fuel, as contained in this table, with the corresponding 
values of the proximate analyses made upon the composite 
samples exhibits some differences which are, however, for the 
most part, small. The average calorific value, determined for 
each fuel in the same manner as the other averages has been in- 
cluded in Table 38. 

(7). Feed water.—The feed water delivered to each boiler 
through the measuring tanks was condensation from heating 
coils, and the effort was made to feed the water at as nearly con- 
stant a rate as possible, and at a temperature which might corre- 
spond fairly well with that of the returns in house-heating work. 
The feed water temperature averaged about 175° F. 

(8). Loading.—For all tests a load equivalent to about 65 per 
cent of the boiler rating was maintained by means of a suitably 
sized orifice in the outlet. The evaporation of 0.3 lb. of water from 
and at 212° F. was assumed as equivalent to serving one sq. ft. of 
radiation for one hour. A pressure of 5 lb. controlled by the 
automatic regulators, which are a part of the boilers, was main- 
tained at the boiler. The pressure after leaving the boiler was 
reduced to slightly over 2 lb. in the receiver, so that a difference 
of 2 lb. pressure was maintained between the two sides of the 
orifice. Recording gages were used in order that the variations 
in boiler pressure might be readily observed during the course 
of the test. 

(9). Temperatures.—A recording pyrometer was used in con- 
nection with most of the tests made upon Boiler D1, for the pur- 
pose of taking flue gas temperature. For the remainder of the 
tests upon boiler Di, and for all tests upon Ds, mercury flue 
gas thermometers reading to 1000° F. were employed. A record- 
ing thermometer for outdoor temperatures was also employed. 

(10). Smoke and flue gas analyses.—Smoke records were taken 
for each test, generally for a period extending from the time of 
one firing to the time of the next firing. The flue gas samples 
were, as a rule, taken as continuous samples, each over an inter- 
valoftime of one hour. At times continuous samples were taken 
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extending over the entire time between two firings. These sam- 
ples were analyzed in an Orsat apparatus of the common type. 

(11). Cleaning flues.—The boiler flues were cleaned previous 
to each test in order that conditions in this respect might be ap- 
proximately equal. On account of the preliminary fire, there was 
doubtless always some soot on the flues at the start of the test 
proper, as it was not considered advisable to open up the boiler 
for cleaning just before starting the new fire. Also the flues, 
doubtless, became coated with soot more rapidly with some fuels 
than with others. There would also, as a general rule, bea 
greater accumulation of soot and ashes in the flues for a sixteen 
or twenty-four hour test than for an eight hour test. 

(12). Miscellaneous observations.—The following observations 
were taken every twenty minutes: height of water in the boiler, 
height of water in the feed tank, height of water in gage glass of 
separator, temperature of feed water, boiler room temperature, 
steam pressure in boiler, difference of pressure on the two sides of 
the orifice plate, and drafts in ash-pit, over the fire and in the flue. 


6. Test Data 

The test data were, in general, recorded in accordance with 
the requirements of the A. S. M. E. code and were entered upon 
blank forms suitably arranged for the class of work in hand. 

On pages 84, 85, 86, and 87, of Appendix A will be found, 
Fig. 18-21, graphical logs of four tests which have been selected 
as representative. They are, respectively, records of tests made 
with anthracite, Pocahontas coal, coke and Illinois coal. 


7. Tabulated Data and Results 

In Appendix A, Table 12, will be found the principal data 
and results of the 48 tests under consideration; explanatory mat- 
ter concerning the results accompanies the table. This material 
will be found upon pages 66 to 83, inclusive, of Appendix A. 

In Tables 13 and 14, pages 88 and 89 of Appendix A, will be 
found data relative to flue gas analyses. It will be noted that the 
per cent of COs is in general quite high. In all flue gas analyses 
the per cent of CO was also determined in the manner usual with 
the Orsat apparatus. Owing to the uncertainty as to the value 
of such determination these data are not here presented. In gen- 
eral no trace of CO was found or only a fraction of 1 per cent. 
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In one case, however, where the sample was taken immediately 
after firing, 4.8 per cent CO was found. 


8. Method of Calculating Results The results tabulated in 
Table 12, Appendix A, are in general calculated by methods 
which are the same as those employed in calculating boiler trials 
made under the A. S. M. E. code. 

Throughout all calculations involving capacity the evapora- 
tion of 0.3 pounds of water from and at 212° F. has been used as 
equivalent to serving one square foot of radiation for one hour. 

In the calculation of item 23.2 tabulated on page 72, which is 
the total dry fuel fired minus the dry fuel equivalent of the ash 
and of the residual fuel, it was assumed that the ash and the re- 
sidual fuel consisted of earthy matter and carbon only. The car- 
bon found in the ash and the residual fuel by analysis was as- 
sumed to have a heating value of 14600 B. t. u. per lb. and was 
converted to dry fuel by dividing the total number of B. t. u. so 
found by the B. t. u. value of one pound of dry fuel under consid- 
eration. 


9. Discussion of Results 

A. LEficiency and Evaporative Performunce 

(1). Efficiency and fixed carbon content.—An examination 
of item 62 as given in Table 12, page 82, shows that the plant effi- 
ciencies varied from 44.76 per cent to 66.21 per cent. In Fig. 1 
these efficiencies have been plotted for each test to a base, ex- 
pressed in per cent, of the fixed carbon content of the coal. These 
points fall into two groups due to the low fixed carbon content of 
the Illinois coals as compared with the other fuels. The tendency of 
low efficiency to go with low fixed carbon content is, however, 
marked, and emphasizes the fact that in this respect the fuels high 
in fixed carbon content are much better adapted to present methods 
of house-heating. The Illinois coals may be considered as the 
natural fuel supply for this state and section and the problem be- 
comes one of adapting methods and equipment to the burning of 
these coals at efficiencies at least approximating those of fuels 
like anthracite and coke. 

(2). Lifficiency with Pocahontas coal.—The lowest plant effi- 
ciences recorded are for tests made with Pocahontas coal. The 
average plant efficiency with Boiler D1 for this fuel was 44.97 per 
cent and with Boiler D2 55.43 per cent. <A partial explanation of 
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these low plant efficiencies for the Pocahontas coal is to be found 
in the fact that a comparatively large amount of unconsumed fuel 
passed through the grate with the ash. The per cent of carbon 
in the ash for Pocahontas tests varied from 50 to 70 per cent, 
being much higher than with any other fuel tested. The Poca- 
hontas coal used contained a large amount of very fine coal which 
is the usual condition of this fuel in this market. 

The efficiency of the boiler and furnace alone, excluding the 
effect of coal dropping through the grate, is, however, also low 
in the case of the Pocahontas coal. These efficiencies will be 
found under item 61, Table 12, page 82 and average values of 
the same in Table 6, page 386. The use of Pocahontas coal for 
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house-heating purposes is quite common in this section and when 
used is generally highly thought of for such work, having merits 
that may warrant its use in spite of low evaporative efficiency. 
Of the several fuels tested it has the highest heat content as ex- 
pressed in B. t. u. contained. The small number of tests here re- 
ported precludes the possibility of drawing definite conclusions in 
regard to the efficiency that may be obtained with this fuel under 
the various conditions under which it may be consumed, while the 
wide variation in the efficiencies obtained, especially as between 
the two boilers, indicates the possibility of adapting fire condi- 
tions and equipment to the requirements of the fuel in order to 
obtain higher efficiencies. 

(3). Efficiencies of the two types of boilers.—There has been no 
attempt in this article to compare or discuss the merits of the 
boilers used in making the tests, the tests having been conducted 
with the idea of comparing the fuels rather than the apparatus. 
In the case of Pocahontas coal, as mentioned above, it was found 
that one boiler was operating much more efficiently (measured by 
evaporation) than the other. When testing the two kinds of coke 
it was found that in the case of the Solvay coke the efficiencies 
for the two boilers were not greatly different, while when testing 
with the gas-house coke they differed greatly. It will be noted 
that in the tests reported there are six tests with each fuel 
except in the case of the gas-house coke, with which fuel twelve 
tests were made. ‘The series of tests upon the gas-house coke 
was duplicated as a check in regard to this difference in per- 
formance. The coke was chosen as being a fuel with which con- 
stant fire conditions could be readily maintained and with which 
any discrepancy would be most easily detected, although the dif- 
ference in efficiency as between the two boilers was the most marked 
in the case of Pocahontas coal. The second set of tests with 
the gas-house coke did not show material differences in regard to 
efficiencies from those shown by the earlier tests. The principal 
difference between the two cokes, aside from a slightly higher 
volatile content in the gas-house coke was the smaller and much 
more uniform size to which the Solvay coke was crushed. Fire 
conditions were much more uniform when burning the Solvay 
coke and it seems probable that efficiencies were much more af- 
fected by varying chemical or physical characteristics of the fuel 
in the case of the boiler with the comparatively small amount of 
heating surface. 
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(4). Variations in efficiency.—Efficiencies as determined by fuel 
tests with house-heating boilers apparently vary greatly with 
varying conditions of fuel and fire and should be compared 
only with the greatest care. Omitting considerations which 
relate to the boiler and furnace employed, the composition 
of the fuel is probably the most important factor to 
be considered. <A coal high in fixed carbon so that combustion 
may be completed on or near the grate will give high 
efficiencies, a coal high in volatile matter which, when burning, 
gives off large volumes of rich gases that may or may not be 
burned, will give low efficiencies. The high volatile fuels are, as 
a rule, of approximately the same calorific capacity as the high 
carbon fuels, while if based upon the cost per B. t. u. they are 
much cheaper. The problem in this particular respect (not con- 
sidering cleanliness, control, etc.) then becomes one of determin- 
ing the conditions which will permit of burning the high volatile 
coals at efficiencies at least approximately equal to those of the 
high carbon coals, or stated somewhat differently, the conditions 
which will permit of burning Illinois coal, the cheap and nat- 
ural supply, instead of the fuels which must be transported long 
distances and sold at correspondingly high prices. For the tests 
here considered it is believed that decided differences in efficiency 
were caused by various fire conditions due to the size of fuel 
burned and to the per cent of fine material contained therein, to the 
degree with which the fire bed coked, burned evenly over the grate 
or burned holes through and around itself, also to the extent to 
which the gases first distilled from a fresh charge of fuel were 
burned or passed away unconsumed. While efforts were made 
throughout the tests to keep fire conditions uniform, it not being 
the purpose of the tests to study efficiency under varying condi- 
tions, such variations as did occur point tothe possibility of im- 
proving efficiency by proper attention to details relating to fuel, 
operation and equipment. 

(5). Efficiencies as compared with those of power boilers.— 
Under conditions comparable to the tests made efficiencies ranging 
from 40 per cent to 70 per cent may be expected. These efficien- 
cies are somewhat, though not greatly, lower than correspond- 
ing figures upon power boilers. 

(6). Illinois coal.—The efficiencies obtained indicate the de- 
sirability of improvement in order that Illinois coal may be placed 
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more nearly on an equal footing with other fuels in this respect 
when employed for house-heating purposes. 


(7). Evaporative performance.—The equivalent water evapo- 
rated from and at 212° F. per sq. ft. of heating surface varied in 
the case of boiler D1 from 3.36 lb. to 8.91 lb. and in the case of 
boiler De from 2.48 lb. to 2.89 lb. If these small boilers were rat- 
ed upon 10 sq. ft. of heating surface to 1 b. h. p., which is equiva- 
lent to an evaporation of 3.45 lb. per sq. ft., when operating at 
100 per cent capacity, then boiler D1 under the test conditions was 
evaporating water at quite as high a rate as is usual in power 
boiler work, while boiler Dz, owing to its greater heating surface, 
was evaporating water at a somewhat lower rate, but still at one 
which is by no means uncommon in ordinary power boiler work. 
When it is remembered that these boilers were operating at ap- 
proximately 65 per cent of their rated capacity it will be seen that 
high rates of evaporation would be required if they were operated 
at 100 per cent rated capacity, or if forced to an overload. The 
variable demand upon the house-heating boiler will at times 
necessitate very high or very low rates of evaporation per square 
foot of heating surface, and the nature of the service may readily 
warrant somewhat inefficient performance under these conditions 
in order that the equipment be comparatively small, simple in 
construction and easily operated. It would appear, however, that 
a rate of evaporation much higher than has been found economi- 
cal or advisable in power boiler work should also be avoided in 
house-heating boiler work if that be possible, and the effort should 
be made to so adapt the fuel and equipment that a rate of evapo- 
ration would be obtained which under average operating con- 
ditions would be most apt to be accompanied by high efficiency. 

(8). Average operating conditions.—The conditions under 
which house-heating boilers operate are so varied that it is impos- 
sible to state any given per cent of their rated capacity as even 
approximately that of average operating conditions. A boiler 
used for heating an office building, school house, or in work of a 
similar character might be operated at a relatively high average 
capacity as high or higher than 65 per cent as obtained in the 
tests under consideration, while in residence work on a small 
scale a boiler may only be required to operate at a high capacity 
for a few hours each day and the average load may not be more 
than 20 per cent of the rated capacity. 


26 ILLINOIS ENGINEERING EXPERIMENT STATION 
\ 


(9). Efficiency and capacity.—The arrangement and amount 
of heating surface advisable for low capacities may be unsuited 
for high capacities and deductions in regard to any particular 
feature of house-heating boiler performance must be made with 
regard for such conditions. The tests here considered have all 
been run at practically one capacity (65 per cent of the rated capa- 
city) and give little information in regard to efficiency as affected 
by varying capacity. The uniformly lower efficiency of boiler 
Di as compared with boiler D2 with the corresponding high evap- 
oration per square foot of heating surface would indicate that 
high rates of evaporation per square foot of heating surface due 
to reduced heating surface tend toward low efficiency at least in 
the neighborhood of the capacities at which the tests were run. 
A series of tests is now under way operating these boilers at 
capacities varying from about 10 per cent to 100 per cent of their 
rated capacity in order to throw further light upon the relation 
of efficiency to capacity. The rated capacities of D1 and Dz, 800 
and 1075 square feet of radiation, respectively, are closely propor- 
tional to the fuel capacity of the fire-boxes, while the ratio of capa- 
city (expressed in square feet of radiation) to the total heating 
surface is much higher in the case of boiler Dithan of Ds, that is, 
when operating at full capacity one square foot of heating sur- 
face in boiler Di must serve 18.2 square feet of radiating surface 
while for boiler Dz one square foot of heating surface serves only 
14.2 square feet of radiation. The ratio of direct to total heating 
surface is higher in the case of D1 than of Ds. 


B. Length of Tests and Method of Conducting 

In order to determine what length of test was best in order 
to secure data of a satisfactory character, tests of eight, sixteen, 
and twenty-four hours were run with each fuel upon each boiler. 
The principal item affected by the length of the test is the 
amount of fuel consumed, which in turn affects many of the other 
important calculated items. The difficulties attending the deter- 
mination of the amount of fuel consumed have been discussed and 
the manner in which the longer test tends to eliminate the errors 
which occur. 

(1). Fuel consumption.—Fig. 2-5, pp. 27-30, show the coal 
as fired, plotted on a time base, for each test made with 
four of the fuels tested. In all cases the slope of the coal 
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than the slope of the line of subsequent firings. This is particularly 


line representing the period of the first charge of fuel is steeper 
marked in the case of the anthracite. 


An examination of the line 
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representing the second firing will in some cases disclose the 
fact that some unconsumed fuel remained in the fire-box at the 
time of the second firing and was then burned, making that period 
somewhat longer than subsequent periods. The time of the last 
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firing will also be noted as often being longer than the preceding 
periods on account of the fire being allowed to burn out some- 
what more completely at the end of the test than was usual at the 
end of the other firing periods. As a rule, however, after the 
first firing the slope of the coal line is quite uniform, and it was 
the general opinion of the observers that after the first or second 


193 Dz 


Pane JOP RB eR ASA Sakae eee See 
(SS Pe) 
Ys) a a 

pe i La Sa a D2) 
ec etn | al faa || ols 
DSSS So SMCs eeor ee wees 
j22 cS SRE aE aeeeeeeaseeaeees. 


ESN GY 


= HH Be 
Sr as seeere ca i) 
ielaaisia elaine pee aise isirie aiae te 


MERCER 


BEER 
=n nee 


N= lei ete! 
MSOF 
eA a 
[a 
ie 
| 
1 | 
\ | 


7 GRSREBERESG 
Hotta 
Beat ae ee BESS SeERRSe 


HUES RSS2= as eae eos 
JOR 22e0Re aes EEE EHH 
HZ UME SRR sean eases 


POUNDS OF COAL 


COB Ses See ee eee Seaeeeee 
aie Sao See eee ee ee 
HES DVERELE Reese Reese 
24 6 8 10 12 14 16 18 20 22 24 26 2B 
HOURS 


Fig. 4 FuEL CONSUMPTION—SOLVAY COKE 


30 ILLINOIS ENGINEERING EXPERIMENT STATION 


firing period the test conditions could readily be kept practically 
uniform for any reasonable length of time. At the beginning of 
this series of tests it was thought possible that after making the 
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tests, starting and stopping by the method adopted, it might be 
possible to divide the data so as to omit one or more of the firing 
periods, such as the first, or first and last periods, retaining only 
those periods as a portion of the test during which conditions 
were apparently constant. This would in effect give a test using 
the alternate method of starting and stopping. It has, however, 
not been thought advisable to attempt such a division of the data 
and discussion of it here. Many of the tests consisted of but 
three or four firing periods and the elimination cf one or more 
periods would make the duration of the test extremely brief and 
correspondingly magnify errors due to the varying fire conditions. 
The methods adopted for determining the amount of fuel con- 
sumed were found to be very satisfactory and it seemed that 
little or nothing was to be gained by discussing the data upon a 
basis which might give less accurate values for that important 
item. 

(2). Efficiency and evaporation as affected by length of test.— 
Table 4 shows the equivalent evaporation and efficiencies for all 
tests, grouped as tests 8, 16 and 24 hours long. The same data 
are plotted in Fig. 6 and 7. In the majority of the tests the rates 
of evaporation and efficiencies are higher for the 16-hour tests 
than for the 8-hour tests. This condition is true to a more 
marked extent in the case of boiler Di than of boiler De. The 
lower efficiencies, in general, of the 8-hour tests may be due to 
losses incurred through inefficient burning during the first fire 
which would affect the results of the shorter tests to the greater 
extent. Accumulations of soot in the flues of boiler D2 and the 
extent to which this soot was burned out during the tests may 
have affected efficiencies to a considerable extent. Comparing 
the rates of evaporation and efficiency for the 16-hour and 24-hour 
tests the differences are in general not so great as between the 
8 and 16-hour tests. 

No complete explanation is here offered as to the cause of this 
variation in the matter of efficiency and rate of evaporation per 
pound of fuel for tests of different length. In some individual 
tests varying conditions which were noted were thought to have 
caused these changes either in part or altogether, but no general 
conclusion in this respect could be drawn. It was, however, con- 
sidered that 16-hour tests would give results more reliable and 
better for comparative purposes than 8-hour tests and that as be- 


82 ILLINOIS ENGINEERING EXPERIMENT STATION 


TABLE 4 
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tween tests 16 and 24 hours long the results of the shorter tests 
would in general be as serviceable as those of the longer ones. 
(3). Length of test required.—Basing a conclusion as to the 
length of test desirable upon the work here reported for tests 
which are comparable to these tests as to load conditions, that is, 
operating at fairly high capacity, as 50 per cent or more of rated 
capacity, it would seem advisable to make the test at least 16 
hours long and to have at least three firing charges. The stop 
should be made according to fire conditions, rather than at the 
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end of a given interval of time. In case the firing charges were 
large or the load light, the length of the test might with advan- 
tage be somewhat longer than 16 hours. The length of 16 hours 
is given as approximately the minimum time which would give 
results that could be considered as satisfactorily comparable. 
Under the test conditions the 8-hour tests were liable to be con- 
siderably affected by the varying fire conditions at the start and 
stop of the test, while it seemed that after about 16 hours little 
was gained by running the test through 24-hour or longer periods. 
It is likely, however, that for service tests with very variable 
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loading and operating at low average capacity, a test of 24 hours 
or longer will be found desirable. 


c. Fuel Cost 

(1). Price and heating value.—The great advantage of Tlinois 
coal for the Illinois user and others within a reasonable distance 
of the field is in its low price. First-class Illinois coal for domes- 
tic purposes can be purchased for one-half or less than one-half 
the price which must be paid for anthracite. While the heating 
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TABLE 5 
RELATIVE Cost oF FUELS 
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value of the anthracite and other high-priced fuels is in general 
greater than the Illinois coals, the difference is not so great as to 
be in any sense commensurate with the difference in price. Table 
5 gives information concerning the relative cost of the fuels tested. 
The heating value of the Pocahontas coal is considerably higher 
than the other fuels, that of the anthracite somewhat higher than 
the Illinois coal, while the cokes have approximately the same 
heating value as the highest given for the Illinois coal. It willbe 
noted that the B. t. u. (British thermal units)per pound of anthra- 
cite is 12682 as compared with a value of 12275 for a comparatively 
high-priced Illinois coal and a value of 11546 for a somewhat 
cheaper Illinois coal. In one case the Illinois coal costs 45.5 per 
cent of the price of the anthracite and contains 96.8 per cent of its 
heating value. In the other case the Illinois coal costs but 34.5 
per cent of the price of the anthracite and contains 91 per cent of 
its heating value. While it is recognized that under present con- 
ditions the heat content alone is by no means a sufficient measure 
of the value of the coal, this great discrepancy in price per heat 
unit suggests the need of improvement in the methods of burning 
the cheaper fuel. If all other advantages or disadvantages could 
be equalized or eliminated, the B. t. u. delivered by the fuel would 
be the direct measure of its value. 

(2). Relative cost as shown by tests.—Table 6 presents com- 
parisons relative to fuel costs. The values tabulated in Columns 
6 to 18 inclusive are averages for all tests run with each fuel with 
each boiler. Columns 1 and 2 give the kind and cost of each fuel. 
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These were purchased mostly from local dealers and have already 
been described in the paragraph on fuels on page 14. Almost all 
of these fuels can be purchased somewhat more cheaply in larger 
quantities. Column 3 gives the heating capacity per pound for 
each fuel as taken from Table 8, page 18 and Column 4 the cost 
of 14600 B. t. u. as purchased in each. (The number 14600 
B. t. u. as the caloritic value of a pound of pure carbon is taken as 
a convenient unit for comparison.) In Column 5 is given the cost 
per pound of fixed carbon for the different fuels. Columns6, 7 and 
8 give three of the principal operating conditions inserted here 
for convenience in making comparisons and in showing the degree 
of uniformity of these conditions. Columns 9, 10 and 11 give 
the fuel cost of evaporating 1000 lb. of water from and at 212° F. 
and percentage relations concerning the same. Column 12 also 
presents the results relative to fuel cost and evaporation stated 
in terms of serving 100 sq. ft. of radiation. Column 13 gives 
averages of plant efficiencies. 

(3). Oost per B. t. u. and per pound of fixed carbon.—It will be 
noted that the cost per B. t. u. is almost three times as much in 
the case of anthracite as in the cheapest of the Illinois coals. 
When comparing the costs per pound of fixed carbon, which under 
present conditions of burning is a very important consideration, 
the differences in price are not as marked, the cokes having the 
lowest cost per pound in this respect. It is to be supposed that 
the heat content of the fixed carbon is utilized to about the same 
extent for all the fuels, the variations in efficiency being largely 
due to incomplete utilization of the heat-content of the volatile 
matter. The relation of efficiency to fixed carbon content has 
already been shown graphically in Fig. 1, page 22. In Fig. 8 and 
9 average efficiencies have been plotted with relation to cost per 
B. t. u. per cent volatile and per cent of fixed carbon. These 
figures show graphically the higher efficiencies obtained with the 
higher priced fuels, and those high in fixed carbon content, as 
contrasted with those high in volatile matter, and indicate the 
desirability of developing methods for burning the cheap and 
high volatile fuels in a more efficient manner. 

(4). Cost of evaporation.—The rate of combustion and rate of 
evaporation per square foot of heating surface are both lower in 
the case of boiler D2 owing (aside from efficiency differences) to 
the greater grate and heating surfaces of that boiler relative to the 
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rated capacity. The cost of evaporating 1000 lb. of water from 
and at 212° F. varies from 62.37 cents for anthracite on boiler D1 
to 23.40 cents for the cheapest of the Illinois coal tested on boiler 
D2. If evaporative performance alone be considered, this shows 
a saving of 62.5 per cent of the cost of the anthracite for the 
extreme cases noted. Considering each boiler separately the cor- 
responding figures are savings of 59.7 and 56.3 per cent, respect- 
ively, in the case of boiler Di and boiler Dz. Similar differences 
as between anthracite and the other fuels, also between Illinois 
coals and the Pocahontas coal and the cokes, while not as great, 
are sufficient to warrant, other conditions being equal, the choice 
of Illinois coal on the ground of economy. The same percentage 
differences relative to fuel cost apply to the cost of serving 100 
sq. ft. of radiation per hour as to the cost of evaporating 1000 lb. 
of water, and Column 12 merely presents in a slightly different 
manner the fact that as between the extreme cases of the tests 
considered the same heating effect was produced by one of the 
Illinois coals at 87.5 per cent of the fuel cost of the anthracite. 

(5). Relative fuel values as determined by tests.—In Table 7 are 
presented relative values of the fuels tested. These values are 
based upon evaporative performance as determined under the test 
conditions and this. fact should be borne in mind in comparing 
them. In the first part of the table the cost of evaporating 1000 
lb. of water from and at 212° F. is shown for fuel prices ranging 
from $1.00 to $10.00 per ton for each fuel. Comparisons may be 
made in the following manner: if in a certain locality anthracite 
costs $8.00 per ton and Williamson County, Illinois, coal cost $4.00 
per ton it will be seen that it will cost 56.21 cents to evaporate 
1000 lb. of water with the anthracite and 31.84 cents to do the 
same work with the Illinois coal. 

In the second part of the table the same relative values are 
given in a somewhat different manner. The relative values 
of the different fuels per ton are expressed in dollars with 
the price of anthracite ranging from $1.00 to $10.00 per ton. If, 
for example, in a given locality, anthracite costs $8.00 per ton, 
Williamson County, Illinois, coal is (for evaporating purposes) 
worth $7.03 per ton and if the Illinois coal can be bought for a 
less price than $7.03 a saving can be made by using it instead of 
the anthracite. Again, if at a certain place Williamson County 
coal can be purchased for $3.51 per ton then (for evaporative 
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TABLE 7 


RELATIVE VALUE OF FUELS FOR USE IN HOUSE-HEATING BOILERS AS 
DETERMINED BY EVAPORATIVE TESTS ON Two TYPES OF 
BOILERS WHEN OPERATED AT 63) PER CENT OF 
THEIR RATED CAPACITY 


Cost in Cents of Evaporating 1000 pounds of Water from 
and at 212° F., with Price uf Fuel Ranging from $1.00 


Kind of Fuel to $10.00 per Ton of 2,000 pounds 

$1 $2 $3 $4 $5 $6 $7 $8 $9 | $10 
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Relative Value of Fuels (Determined by Evaporative 
Tests) with Price Varying from $1.00 to $10.00 per 


Kind of Fuel Ton of 2,000 pounds of Anthracite 
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purposes) anthracite is at that place only worth $4.00 per ton and if 
more than $4.00 must be paid for anthracite the additional amount 
must be considered as a loss or as being expended for advantages 
possessed by the anthracite such as cleanliness, and ease of fire 
control not possessed by the other fuel. 


D. Control 

Under the conditions of the tests little difficulty as to control 
or regulation was experienced. The observers were at all times 
present and gave such attention as was required to maintain the 
capacity desired. Asalready explained for these tests, questions 
relating to attention required, control and cleanliness were con- 
sidered of secondary importance to obtaining tests comparable 
upon an evaporative performance basis. When burning the an- 
thracite and the cokes, almost no attention was given the fire 
from one time of firing to the next. A preliminary adjustment 
of the chains operating the ash-pit damper and check was made 
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for each fuel if considered necessary and was in general not 
changed during the tests with that fuel. It was found advisable 
to keep the ash-pit as nearly air tight as possible except for the 
damper in the ash-pit door in order that the fire might be effect- 
ually checked when the damper was closed. This was found par- 
ticularly desirable in the case of the quick burning Illinois coal. 
In general the attention required by the Pocahontas and Illinois 
coals was considerably more than that required by the anthracite 
and coke. The regulation was also much more uniform when 
burning the anthracite and coke than with the other fuels. 


EH. Smoke 

In Table 15, page 90, Appendix A, are given data relative to 
the smoke produced. Smoke records were not taken at all times. 
For the majority of the tests a record was taken for only one fir- 
ing interval, thatis, from the time of firing one charge of fuel to the 
time of making the next charge, and no data are here tabulated 


except such as extend over such a complete interval. Smoke rec-— 


ords taken during the first firing interval were affected by the 
smoke produced by the kindling used. This is particularly marked 
in the case of the Solvay coke as practically no smoke was pro- 
duced with this fuel after the first firing. During the time of 
making smoke records, observations were made at one minute in- 
tervals while smoke was being produced and at somewhat longer 
intervals when it was known that no smoke was being produced. 
The smoke produced was often of a yellow or brownish color and 
difficult to compare by means of the Ringelmann color scale, also 
owing to several changes in the personnel of observers it is not to 
be expected that the observations are strictly comparable. It is 
believed, however, that they represent fairly well the smoke con- 
ditions as nearly as that can be done by the methods employed. 
In making and tabulating the smoke records the Ringlemann 
chart numbers 1, 2, 8, 4 and 5 were considered as representing 
20, 40, 60, 80 and 100 per cent black smoke respectively. 


F. Cleanliness 

In matters of cleanliness in and about the boiler room, the 
anthracite and coke were superior to the other fuels. The total 
ash from the Pocahontas coal was comparatively small in amount, 
free from clinkers and easily handled. ‘This also was true to a 
somewhat less extent for the anthracite and cokes, while the ash 


| 
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from the Illinois coals contained more or less clinkers, was ob- 
tained in greater amount and was more troublesome to handle. 
Observations as to the thickness of the soot and ash collecting 
upon the walls of the flues were made at the end of the tests. 
These observations were incomplete and varied greatly as com- 
pared with each other and are not reported. Fora number of 
the tests the soot which had collected in the flues was burned out 
during the tests while in other cases this did nothappen. Owing 
to the arrangement of the flue surfaces with respect to the fire-pit 
this burning of the soot was much more apt to take place in boiler 
Di than in Ds. 
G. General 

In making fuel tests with house-heating boilers especially if it 
is desired to consider the boiler as well as the fuel being tested, 
it would seem advisable to test at approximately the average ca- 
pacity at which the fuel and equipment are to be operated, or if the 
load demand is to be very variable, to test under conditions approx- 
imately similar to the operating conditions. If the boiler is to be 
used for heating purposes where the load demand will approach 
its rated capacity and be fairly constant over a considerable por- 
tion of the day, as might be the case in many comparatively large 
installations, tests under those conditions will give results as to 
efficiency, rate of evaporation, and other conditions which will be 
dependable and of value. On the other hand, tests run under 
conditions similar to those which might exist in a small residence, 
only requiring a hot fire for a few hours and an average load of 
possibly 20 per cent or 80 per cent of the rated capacity, would 
give results for the most part applicable only to like service con- 
ditions. This would necessitate tests of at least two general types, 
one of which would be quite similar to tests as ordinarily run upon 
power boilers, probably making evaporative performance the 
main item sought, and the other would be of the nature of aser- 
vice test where much more relative attention would be paid to de- 
tails concerning attendance, control, and cleanliness. Further 
tests which are now in progress with house-heating apparatus 
under various conditions as to capacity and service will, it is hoped, 
throw some further light upon the relations existing under widely 
varying service conditions. 

In making a comparison of the fuels tested as to the advan- 

tages or disadvantages possessed by each, it is necessary to keep 
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in mind the conditions under which these particular tests were 
made. Other test conditions as to capacity or attendance might 
warrant in some respects quite different conclusions. 

Several general observations may, however, be made. Con- 
sidering the cost factor as expressed in the cost per ton of fuel, 
cost per heat unit and cost per unit of evaporation, the Illinois 
coal has so great an advantage over anthracite or high-priced 
eastern coals that it seems probable that this factor alone will in 
a very large number of cases and to an ever increasing degree 
bring about the use of the cheaper fuel. This condition will come 
about in spite of recognized disadvantages with regard to smoke, 
dirt and more or less troublesome fire control, and emphasizes the 
necessity of perfecting conditions, fuels, or equipment, so that 
these drawbacks may be eliminated or reduced to a minimum. 
Fire conditions and general cleanliness can be bettered through 
proper screening and sizing of the coal, probably through wash- 
ing at the mines, and through improvements made upon the fuel 
burning equipment. Similar care and attention to the matter of 
details will also to a certain extent reduce the smoke given off. 
At present, however, it seems unlikely that we can hope to burn 
Illinois coal under average domestic conditions without producing 
an amount of smoke which must be both unsightly and injurious. 
Except for a limited number of localities where effective smoke 
abatement laws may be operative, these conditions with respect 
to smoke will doubtless continue to grow worse with the increas- 
ing use of this fuel. Sufficiently decided and immediate improve- 
ment in regard to smoke prevention when burning Illinois coal in 
these small units is hardly to be looked for, and the remedy would 
seem to be rather in central station heating work or in previous 
preparation of the fuel to render it smokeless. Central station 
heating is at present only to be considered under special condi- 
tions and can not be considered as a solution of the problem as a 
whole. The most important and at the present time practicable 
method of previously preparing the fuel is through its conver- 
sion into coke. Considering cost as illustrated by the tests made 
it would appear that coke is still at a considerable disadvantage 
with respect to the raw Illinois coal, not, however, to so great an 
extent as anthracite. Coke has the advantages of smokelessness 
and cleanliness possessed by anthracite, but upon the other hand 
is handicapped by certain disadvantages, such as its comparative 
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bulk, the non-suitability of a great proportion of the present 
heating apparatus to burn it to the best advantage, or in suffi- 
cient quantity under extreme weather conditions. Apparatus 
especially designed for burning coke will doubtless eliminate 
these difficulties to a large extent. Manufacturers of house-heat- 
ing apparatus are at present offering equipment specially designed 
to meet this demand. Further, it is to be hoped that with the 
increased coke production, particularly the increased production 
from Illinois coal, there will come prices that will permit coke to 
compete favorably with the less clean fuels with respect to cost. 
The general use of coke as fuel for domestic purposes, and the 
consequent non-production of black smoke would eliminate a 
phase of the smoke problem which at present is both serious and 
difficult to handle. In a larger way also, the use of coke, as pre- 
pared for example by the Solvay or by-product process, appears 
to be in the direction of a solution of both the smoke problem and 
the problem of the economic use of the coal supply. Aside from 
the condition of blackness, due to unconsumed carbon, smoke con- 
tains other constituents, also injurious to both health and materi- 
als. Thesulphur content, which in Illinois coal is relatively high, 
gives rise to one of the most injurious of such constituents. The 
proper preparation of Illinois coal for domestic use, whatever the 
process may be, should take out or reduce the quantity of injurious 
elements contained in the coal. The process of coal washing and 
the conversion of coal to coke are both beneficial in this respect 
and may be considered as steps in the right direction with regard 
to reducing the injury due both to the visible blackness of the 
smoke, and to the injurious constituents which occur, such as 
colorless gases. 

In general, then, we may conclude: (1) that on the score of 
economy the high-priced eastern coals must give way to the 
cheaper home product; (2) that that product will be used in con- 
tinually increasing quantities for domestic purposes; (3) that 
this condition will be accompanied by improved equipment and 
methods of burning the cheaper fuel; (4) that the use of raw 
Dlinois coal will continue to be accompanied by a considerable 
amount of smoke and dirt which must eventually lead to some 
adequate method of preparing this fuel in order to eliminate this 
feature; (5) that the conversion of Illinois coal to cole offers, at 
present, a seemingly satisfactory method of such preparation; 
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and. (6) that with the adaptation of equipment to satisfactorily 
burn coke at a price which for coke will put it on an equal footing 
with raw coal, coke may be expected to take a very important 
place as a domestic fuel, and be an important factor in its rela- 
tion to the smoke problem and the fuel question as a whole. 


10, Equipment 
These tests were conducted with two house-heating boilers 


installed by the Engineering Experiment Station at the Univer- 
sity of Illinois. The boilers have been designated as boiler Di 
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and boiler De. Inthe U. S. G. S. bulletin, which also reports 
the principal data and result of these tests, boilers Di and De are 
referred to respectively as boilers A and B. 


In Fig. 10is shown in plan the arrangement of the plant, 
and in Fig. 11, from a photograph, is shown the general arrange- 
ment. The boilers are set independently, each being provided 
with similar load regulators, return feed water systems, and 
stacks. The flow is so arranged that the steam may be dis- 
charged to the atmosphere through an exhaust head above 
the roof of the building, or into heating coils at the rear of the 
boilers. 'Thesecoils contain 1000 sq. ft. of radiating surface and 
are arranged in six sections, any number of which may be cut 
out, changing the amount of radiation in proportion. They form 
a part of the regular heating system of the laboratory. 

Boiler Di is made up of four horizontal cast-iron sections, the 
base and grate section, the fire-pot, an intermediate circulation 
section, andthedome. Fig. J2 gives a view of the boiler erected. 
The water space surrounds the ftire-pot, and is continued into the 
intermediate and dome sections through three nipples. 


Fig. 12 BoriteR Di 


The boiler upon which the tests were made is one rated at 
800 sq. ft. The principal dimensions and proportions of this 
boiler are given in Table 8. 
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TABLE 8 


DIMENSIONS OF BOILER JD) 


Rated capacity, radiating surface .....square feet 800 
Heioht overall soe. ea a eee feet 5% 
HIOOMSPACe 5 “Guasn ew ds) <b ences eee SOU Feueer a0) 
Size of fire door . pore inches 84 x 15 
Height of fire door above. erate.. ke inches 14 
Fuel capacity to center of fire door.. ‘ pounds 290 
Kind of grate. . 6 ee Sarat RRS TTR Ree are plain rocking 
Size of grate.. Mean Voc dide a: AAR OEE inches 28 diameter 
Area of grate surface . ener square feet 4.28 
Area of air space..... i ; square feet 2.15 
Ratio of air space to erate surface. : per cent 50 
Mean height. of furnaces wees re inches 22.5 
Height of chimney above grate........ feet 39 
Sectional area of chimney..............square feet 1.07 
Area of flue connecting to chimney..... square feet .55 
Length of flue connecting to chimney.. feet 14 
Least flue area in boiler ......... .square feet Ao 
Ratio of least flue area to grate surface. per cent 15.5 
Smoke outlet above grate............. feet 4.17 
Kind of draft.. . eee natural 
Direct water heating surface . ......square feet 18.8 
Indirect water heating surface. .....square feet 20.7 
Superheating surface .................square feet 4.2 
Total heating surface.. Oe .... square feet 48.7 
Ratio of direct heating surface to total. per cent 43 
Ratio of total heating surface to grate 

surface... .en: SER cere 10.2 to 1 
Total water and. etna space. ieee. CUblesteet 67.38 
Steam space.. susie Pie OE ee Sia ee ee ee CLI Ce LOCU EEC C 
Water space. De ..2s2 Cubie feet 4.31 
Square feet of external boiler surface i in 

contact with water or steam...... 37.88 


Boiler D2 represents a type of sectional construction in which 
the base or grate portion and the water-heating portions are 
built up of interchangeable cast-iron sections, these sections or 
water legs being connected by means of external circulation 
drums or headers. Fig. 13 and 14 are respectively anassembled 
and a sectional view of the boiler, and give an excellent idea of 
the water space, gas travel, and general construction. 

Fig. 13 is from a photograph of the boiler tested. 
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Fiqg. 14 SErorionaAL VIEW BOILER D2 
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This type of boiler is particularly adapted to a number of ex- 
perimental studies of house-heating boiler work as related to 
boiler proportions, on account of the ease with which such pro- 
portions may be varied. This boiler is manufactured in three 
widths of grate, and boilers of different capacities are obtained 
by combining with the different widths of grate a greater or less 
number of water leg and grate sections. 

The boiler installed in the plant has a grate 18 in. wide, is 
supplied with ten intermediate sections, and with 13-hole supply 
and return drums, so that a number of combinations are available. 

For the tests here considered the boiler consisted of nine 
sections. The principal dimensions and proportions are given 
in Table 9. 


TABLE 9 


DIMENSIONS OF BOILER D2 


= 


Rated capacity, radiating surface...... square feet 1075 
Hermit Over all. 04 ce er eee feet ay 
Floor space. ch wets ae etn ates ee eee square feet 25 

Size of fire 200r ee ESF inches 9x15 
Height of bottom of fre oor hove ie inches 10 
Fuel capacity to center of fire door..... pounds 3870 

RS MOLOL OVALE | aut eter tke cwcamteie pate patent rocker 
VOLE OL Siateer, s.ntahs een trae Ee inches 18 
Went Ol Sraten.7 alee one ce inches 48 
Area of grate surface.................,.square feet 6.0 
Area of air space. Mere ....square feet 3.0 
Ratios of air space te er sie. sur feeen per cent 50 
Mean height of furnace... . .......... inches 22 
Height of chimney above grate ....... feet 39 
Diameter of flue.. Riches: Eg ae eae inches 14 
Sectional area of inne .. oe... Square feet 108 
Area of flue connecting to cre .square feet OD 
Length of flue connecting to enineun : feet 124 
Least flue area in boiler...............square feet .495 
Ratio of least flue area to grate surface per cent 8.238 
Smoke outlet above grate.. = ee bee feet 3.0 
Kind of draft . ee Sih aac ee natural 


Direct water bese sur ee A Pees .....Square feet 21.89 
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Indirect water heating surface.........square feet 53.98 
Superheating surface. Ear Pen nine ee none 
Total heating ee er oe .square feet 75.87 
Ratio of direct Fooene is sur ee ne eee per cent 28.9 
Ratio of total heating surface to grate 

surface.. oe ee re ere 12.6 to 1 
Total water id Sasa space. au -. | Cubleteet? =< 116 
SCAM SWACE. hoot aan oe heeen oy woven “Cuble feet 3.28 
Water space. see cubic feet 7.88 
Square feet of eerernak pollen Shichice in 

contact with water or steam...... square feet 103.27 


(1) Feed water system.—The adoption of the arrangement here 
described, in which the feed water is forced from the measuring 
tanks into the boiler by means of compressed air, was influenced 
to some degree by the desire to use condensation water from the 
heating coils, noted on page 47. It has, however, proved very 
satisfactory, requiring little attention, and is convenient, since 
all of the apparatus is located upon the same level and within 
easy range for the observer. The arrangement of this apparatus 
is shown in Fig. 10 and 11, pages 45 and 46. The tanks are or- 
dinary galvanized iron range tanks. One supply tank of fifty- 
four gallons is connected directly in the return from the heating 
coils. The inlet pipe passes to the bottom of the tank, and the 
outlet is at the top so that the tank is at all times filled with hot 
water. 

The measuring tanks, or feed tanks, one for each boiler, 35 
gallons capacity, are fitted with gage glasses and scales gradu- 
ated to read pounds direct, correction being made for varying 
temperatures. Anoverfiow pipe, with valve, located at the top 
of the scale, allows filling the tank with a definite charge of 
water. 

These tanks, as stated above, are connected with the labora- 
tory compressed air system, and during feeding are under pres- 
sure sufficient to force the water into the boilers. A %-in. needle 
valve near the boiler allows close regulation of the feed. The 
heating system is under three to five pounds pressure, so that 
the measuring tanks can be filled by simply opening a valve lead- 
ing to the supply tank. The measuring tanks can be filled some- 
what more rapidly if it is desired, by means of compressed air, 
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suitable connections being in place. The air pressure and boiler 
are cut off from the measuring tanks and the overflow opened 
during charging. 

(2). Load regulator and separator.—Since these small heating 
boilers are designed to regulate themselves, under control of 
their automatic damper regulators, the rate of combustion may 
be kept fairly regular by keeping the rate of evaporation con- 
stant. This has been accomplished by the use of a pressure 
regulator, by means of which a steady flow of steam is dis- 
charged from a constant pressure receiver through a suitable 
orifice into the atmosphere, provision being made for varying 
the load to suit the specific demand of the test. 

The receivers perform the duty of separators and are thus 
used to replace the usual steam calorimeter, for which reason 
the receivers and pipes are heavily lagged with hair felt and 
pipe covering, one inch of felt being first laid next to the iron 
and above this a one-inch thickness of magnesia pipe covering. 
The regulators are shown to the right and left of the boilers in 
Fig. 11, page 46. 

Fig. 15 shows one of the load regulators with its covering 
removed. The steam from the boiler passes through the pressure 
regulator A into a 38-inch pipe, which extends through the 
top of the receiver and nearly to the reducing tee at the bottom. 
Here the direction of steam is changed and entrained moisture 
separated, the dry steam passing up and out through F and to 
the exhaust main J, through an orifice plate in the 2-inch union 
G, the pipe J being open to the atmosphere. Difference of pres- 
sure as between the receiver and on the exhaust side of the ori- 
fice plate as at J, is indicated by a mercury manometer at C made 
up with suitable connections. A slight back pressure due to fric- 
tion usually existed in pipe J. No attempt was made to compute 
the evaporation in this manner. The moisture separated from 
the steam collects in the 38-inch trap D, the amount of which is in- 
dicated in pounds and fractions on the gage glass. Some mois- 
ture originally in the steam is, doubtless, evaporated in passing 
the reducing valve, consequently correction of computed results 
for quality of steam and conversion to equivalent evaporation 
from and at 212° are made on the basis of the mean pressure 
maintained in the receiver, which is usually about two pounds. 
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Variation in load is obtained by the introduction of suitable 
orifices at G. The by-pass valve £, allows changes to be made 


during operation, the orifices taking the place of a gasket in the 
union. 


Fie. 15 Loap REGULATOR 
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ll. Furn Tests with HOUSE HEATING BOILERS MADE BY THE 
UNITED STATES GEOLOGICAL SURVEY 
(58 tests: 47 with briquetted fuel; 11 with raw fuel). 


11. Introduction 

As has been stated already the material presented in Part 
II was almost entirely supplied through the courtesy of the 
Technologic Branch of the U.S.G.S. These tests are more 
fully reported in bulletin No. 866 by the U.S. G.S8. 

Beginning in October, 1906, a number of evaporative tests 
were made at St. Louis, Missouri, under the direction of the United 
States Geological Survey, on the house-heating boiler installed 
to heat the buildings occupied by the Structural Materials Test- 
ing Division. 58 such tests were made; 11 tests were made with 
raw coaland 47 with briquetted coal having a binder of pitch. 


12. Summary and Conclusions 

The briquets and coal burned on the tests at St. Louis came 
from eleven states or territories. There were 58 tests, 11 on 
raw coals, 84 on round briquets and 18 on square briquets. 
Most tests ran about 8 hours and carried an average steam 
pressuré of from 2 to 38 lb. The amount of fuel fired at 
each firing varied from 55 to 175 lb. The interval between 
firings varied considerably; on some tests coal was fired every half 
hour and on others every two hours. The average efficiency of 
all of the tests was 51.48; it varied from 88.67 on an Illinois coal 
to 65.386 on a Virginia coal. The average per cent of builders’ 
rated capacity developed was 59.2. It ranged from 44 per cent 
on an Illinois coal to 77.2 on an Indian Territory coal. The lowest 
boiler horse- power developed was 12.1 and the highest 20.6. With 
fuel at $1.00 per 2000 lb., the cost of evaporating 1000 lb. of water 
from and at 212° F. varied from 5.56 cents for a Pennsylvania 
coal briquetted to 11.93 cents for an Illinois coal briquetted. 

Most of the briquets, whether made from eastern or western 
coal, smoked badly for several minutes after fring. Of the coal 
tested raw, 6 were on western and 5 on eastern coal. The high 
volatile western coals smoked badly, but the eastern coals made 
comparatively little smoke. 
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13. Fuel 

Table 10 gives a description of the coal and binders used 
in the briquets tested. Further information relative to the coal 
tested and to the binders employed has been published in the 
bulletins of the U.S.G.S.* The chemical properties of these 
fuels as shown by proximate and ultimate analyses are contained 
in Table 16, on page 94, Appendix B. 

On comparing the results of tests on the coal and briquets 
there seems to be no advantage in the briquets over coal of a 
suitable size for house boiler heating. Briquetting a good bitu- 
minous coal would be justified when slack is used for material 
and the gain would be due almost entirely to the more favorable 
size of the fuel. This gain is less for coals which coke readily 
than for non-coking coals which are not suitable for domestic 
purposes in the form of slack. Briquets made from such coal burn 
fairly well, as they allow the air to pass up through the fuel bed. 

These experiments have shown that the pitch binders used 
are not suitable for a furnace working at the low temperatures 
common in a house-heating boiler, as they volatilized and in most 
cases escaped unburned or were deposited on the surface of the 
boiler. This coating generally burned off once or twice a day, 
causing a high temperature in the flue, and, as a consequence, 
danger from fire. 


14. Methods of Conducting Tests 

The tests were made to conform as nearly as possible to 
actual running conditions of the average house-heating boiler 
plant. Steam was supplied to two buildings for heating and con- 
sequently the load varied with the weather, according to both the 
temperature of the outside air and velocity of the wind. On only 
a few of the tests was the heating load so light that steam was 
turned into the atmosphere. 

The tests usually covered a period of about eight hours; dur- 
ing this time the operator tried to maintain a steam pressure of 
about three pounds. The alternate method, as prescribed by the 
A. S.M. E. code for making boiler trials, was used in starting 
and stopping the tests. The boiler was installed in so small a 

* Bulletin 332, Report U.S. Fuel Testing Plant 1906-7, 


Bulletin 261, Preliminary Report on Coal Testing Plant. 
Bulletin 343, Binders for coal briquets. 
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TABLE 10 CoAL AND BINDERS USED IN BRIQUETS 
Coal Binder a@ 
ao 
3 aS 
2 ie te eee 
p YS Re 3 Ss oP) 
Shape of S EP alk re Sie 
Briquet| 2 Ay ABH | SEED 
Field Designation Locality County 3 ef Pee gk 20 
Ss S Cee Sao 
ens Miya 
ae oO ae 
cal ee’ 
°F, | Perct.| Per cent 
Arkansas No. 13..... Denning...... Franklin ....| Round.. 7 140.0 | 34.44 95.20 
Illinois: 
ISO pba eyelsacale Near Collins- 
VillO wna ctemnt Madison...... 8 143.6 25.76 96.90 
INO 9 Caicincsieetee: Near Staun- hs f 
HOD. ate ne Macoupin .... & 9 143.6 23.76 96.90 
NOM IS WWWirsrstcttiets Bush. ieee ses Williamson ..; Square.. 6.25 143.6 39.05 99.66 
No. 29 A W Livingston Madison...... Round.. a 143.6 | 39.05 99.66 
INOT2OuB Reo. .nite ea aes cP aye eee 7 | 148.6] 39.05 99.66 
INOW 30IWi cee rme Shiloh Sti Clairs.a. es 8.5 | 143.61 25.76 | 96.90 
INO Bt Sicte-mnlecols Warden....... ess ef 8 143.6 | 25.76 96.90 
INORG) Woceee nocmere a tg eee Square..| 7 161.6 | 28.98 89.31 
ENON Goi aelsaceite sre Trenton.. .... Clintons... Round.. 8 143.6 | 25.76 96.90 
Indiana: &: . 
@pul 18356 Mildred...... Sullivan... .o. rm 8.5 161.6 28.98 89.31 
IN@ le WuasoaoaoseT Hymera....... aan STL - 9 143.6 | 25.76 96.90 
ENON IES coseulv ne PN nares NE ne Sane ie 8.5 143.6 25.76 96.90 
INO GUESS ee tree aie. eee oc oS Baker Square.. 7 143.6 25.76 96.90 
Indian Ceriory: 
No. 2 F Round.. 8 186.8 24.70 85.57 
No. B. Square.. 8 172.4 | 20.00 99.60 
Kansas: 
No. 2B Round.. 7 143.6 39.05 99.66 
No.2B Square.. q 142.6 39.05 99.66 
Maryland No. 2 Frostburg....| Allegheny Round..| 8 143.6 | 25.7 96.90 
Missouri No. 10...... |, Beviers.cionc- Ma&CoD scene still act} 143.6 39.05 99.66 
Pennsylvania: | 
IN (ojal (esaonsoneaanc | Lioydell...... Cambria...... xf 143.6 | 25.76 96.90 
a7 143.6 | 25.76 | 96.90 
NON Bice camecis. rect heeatarees fie’ Be ett Square.. | 08 114.8 5.76 | 100.00 
INOS 19 ys nie srnysymrare ie Herminie..... Westmore- 
TANG ee Round . 8 143.6 25.76 96.90 
INOS20Tyetibac rive se Near Seward a Square.;, 6 161.6 | 28.98 89.31 
INOW 2ORWireencenae an te oe 8 161.6 | 28.98 89.31 
INIT omen cine sind Butt oscaeceve SY rene : oe va 161.6 28.98 89.31 
INO LO naan seins See aL ea coee Square..| 6 161.6 | 28.98 89.31 
Pennsylvania No. 15 | Webrum...... Indiana, ...... 
(one-fourth). (Round.| 6.25] 143.6] 39.05 99.66 
Rhode Jsland No. 1 | Cranston..... Providence... 
(three-fourths) . 
Pennsylvania No, 18 | Lloydell...... Cambria...... 2 | 
(one-fourth). t | 8 143.6 | 25.76 96.90 
MISCelIADCOUSHNO. (Oi) ca:cene siteteienieen el etiaecerecmiarenctite { 
(three-fourths). | 
Pennsylvania No. 18 | Lloydell...... Cambria...... 
(one-half), eg | 8 156.2 | 25.47 90.56 
Rhode Island No. 1 ! Cranston...... Providence... 
(one-half 
Pennsylvania No. 18 | Lloydell...... Cambria...... } 
(three-fourths). ep See, 8 143.6 | 25.76 96.90 
Miscellaneous sNO.-9' ||. cweersannmiceaalieemeeee { | 
(one-fourth). 
Pennsylvania No. 18 | Lloydell...... Cambria...... j 
(one-half). tae g 143.6 | 25.76 | 96.90 
Miscellaneous NOs 9: Wecvccie nuanonet toutes see teats { 
(one-half). 
Virginia No.5B...... 10 miles west} Montgomery. uf 143.6 | 39,05 99.66 
of Blacks- 
— burg 


aWater-gas pitch except where otherwise noted. 


bWax tailings. 
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room that the standard method of starting and stopping the tests 
was not practicable. 

Each test was started with a fire about 4 in. thick. This 
thickness was gradually increased, varying from 12 to 18 in. 
depending upon the kind of coal burned and upon the judgment 
of the operator as to the best thickness for good combustion. To 
start a test with a 4-in. fuel bed required that the same coal used 
on the test must be fired for about four hours before the start 
of the test. To build up the fire required light firings at first and 
the same procedure was followed to burn it down for a close. At 
other times during the tests the amount of coal fired was consider- 
ably greater. Coal was fired whenever the heat requirements 
demanded it, usually at a time when the fire had burned down and 
the steam pressure had dropped. When the coal was fired it was 
spread over the entire fuel bed. The fire seldom required any 
attention and it was never poked unless a coal was being burned 
that coked badly. On the tests the fire was cleaned only just 
before starting and stopping, except in two or three cases when 
there was an unusually large accumulation of clinker upon the 
grate. 

Readings were taken of draft, temperature and steam pres- 
sure, every 30 minutes. Smoke readings were taken as soon 
after coal was fired as other observations would permit and it was 
observed at intervals until the volatile matter had been driven 
off and no smoke was given off from the stack. 

Owing to the many duties of the observer there was difficulty in 
securing and analyzing representative samples of flue gas, but the 
results are considered of sufficient accuracy to indicate certain 
general relations between the air supply and the performance of 
the boiler. 

All gas samples analyzed gave some CO in the flue gas. This 
was to be expected as the combustion was never complete on any 
of the tests as evidenced by watching the top of the stack. 

Observations showed the smoke black at times of firing and 
comparable with the Ringelmann charts, gradually turning gray 
after several minutes. This is of interest owing to the fact that 
the gases resulting from the combustion of briquets at the Illinois 
Engineering Experiment Station were usually of a dirty yellowish 
color and not comparable with the usual standard. 

All briquets were fired whole. Shortly after they were fired 
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distillation of the tar took place and condensed on the boiler sur- 
face, forming a covering over the flue passages. When the fire 
was allowed to burn freely the coating on flues ignited. This 
often happened two or three times during an eight hour run and 
would increase the temperature in the flues as high as 1500°F. 
On this account a thermo-couple was used to take the temperature 
of the stack gases. 

The furnace door was opened only at times of firing. An 
attempt was made on a few special briquet tests to reduce the 
smoke after firings by opening the slide draft in the furnace door, 
but either there was not enough air or it was admitted at the wrong 
point for there was no appreciable reduction of smoke. No 
attempt was ever made to introduce air over the fire on the regular 
series of tests. 

The flue passages were not brushed during the tests with 
briquets as the burning of the tar effectually cleaned the boiler 
surfaces. In some cases the tar coating without doubt greatly 
lowered the efficiency of the boiler. It will be noted that the raw 
coal gave better results than when briquetted. 

The analyses of the fuel burned and of the refuse were made 
at the chemical laboratory of the fuel testing plant. 


15. Data and Results 

In Table 16, pages 92 to 98, Appendix B, will be found the prin- 
cipal data and results relative to these tests. Table 17, page 99, 
gives the average per cent of CO2, O2 and CO for 52 of the tests. 
16. Equipment 

Fig. 16 and 17, pages 59 and 60 show plan and elevation 
drawings of the house-heating boiler plant as tested at St. Louis. 

The boiler on which these tests were made is of the sectional 
type. It contains seven separate sections, measures 66 in. in 
length, has a grate 86x 54¢ in., three 5-in. steam outlets at the 
top of the sections and is rated to take care of 3150 sq. ft. of ra- 
diating surface. 

The boiler furnished steam to two buildings, supplying the 
necessary amount through two of the three outlets. The front 
outlet was not in use and was capped over. This boiler is 
made so that feed water may be supplied to every other section. 
It enters at the base of the section on both sides just above the 
grate level. There are six return inlets, but in this installation 
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only the rear two were used. The piping was so arranged that 
during a test period all of the condensation was returned to a 
weighing tank, then allowed to discharge into a supply tank from 
which it was forced into the boiler by means of a hand pump. The 
temperature of the water entering the boiler varied from 100° to 
150° F., but usually averaged 140° F. During a test all the 
water entered the boiler through one of the rear inlet openings. 

A sectional boiler is usually installed so that the steam as it 
is taken from the sections is first drawn into a collecting drum, so 
that water will not be carried into the pipes with the steam in case of 
a sudden demand for steam. There was not enough head room 
for the installation of this drum at the St. Louis plant and the 
steam was drawn directly from two sections. Drain pipes con- 


60 ILLINOIS ENGINEERING EXPERIMENT STATION 


FEEO WATER 


MOISTURE RETURN 
RETURN FROM 
METAL. PAVILION 


SCALES 


WEIGHING TANK 


FEEO TO 
BOILER 


Fic. 17 ELEVATION OF HOUSE-HEATING BOILER PLANT AT 
Str. Louis, Mo. 


nected with the bottom of the steam pipes, as shown in the draw- 
ing, carried moisture back to the boiler. No moisture readings 
were made on the steam; therefore, in making calculations on the 
amount of water evaporated, the moisture was not accounted for 
and the boiler has been credited with slightly more work than it 
performed. 

A siphon damper regulator was used to control the draft 
through the fire so that a nearly constant steam pressure might 
be carried. This regulator was connected direct to the lower 
check also by an arrangement of pulleys to the check in the flue. 

On the first 30 tests the draft was supplied by a stack 82.4 ft. 
above the grate. On these tests both natural and induced draft 
were used. On the last 28 tests the stack was raised to 44.8 ft. 
above the grate level. This height of stack always furnished the 
required amount of draft. 

All except the front of the boiler was lagged with about au 
inch covering of plastic asbestos. 
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IlJ. Fur. TESTS witH HOUSE-HEATING BOILERS MADE BY THE 
ENGINEERING EXPERIMENT STATION 
(24 tests with briquetted fuel) 


17. Introduction 


24 tests were made when burning briquetted fuel in connection 
with house-heating boilers by the Engineering Experiment Station 
of the University of Illinois during the months of June and July, 
1907. The tests described in Part II of this article made by the 
U.S. G.S., at St. Louis, led to the desire to conduct additional tests 
under more constant conditions than could be maintained at 
the St. Louis plant. 


18. Summary 


An average capacity of 65 percent was carried on all of the 
24 tests, the variation being from 53.2 to 71.4 percent. The 
boiler horse-power developed on boiler Di ranged from 4.52 to 
4.96; on boiler D2 from 4.97 to 6.16. Theaverage efficiency of the 
boiler and furnace, figured on a dry coal basis, gave 44.85 per 
cent for the 24 tests. Comparing 8 tests on briquets, 4 of which 
were made on large briquets and 4 on small briquets, it is shown 
that in every case the large briquets gave an appreciably higher 
efficiency showing that the size of the coal burned is an import- 
ant factor. With fuel at $1.00 per 2000 lb., the cost of evaporat- 
ing 1000 lb. of water from and at 212° F., varied from 6.74 cents 
on a Pennsylvania briquet test to 12.47 cents on an Illinois test. 

The briquets started readily from a wood fire and burned well, 
but owing to the difficulty of obtaining complete combustion, the 
average efficiency from an 8 hour test was low. The formation 
of soot in the flues of boiler D2 was more troublesome than in 
boiler Di. In two instances the flues of boiler Dz were completely 
stopped up after an 8-hour run. 

To carry only 65 percent of the rated radiating surface the 
draft through the fire was either cut off or very nearly so for one- 
half to three-quarters of the time. 
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A carload of briquets was shipped to the Engineering Hx- 
periment Station at Urbana, Illinois, and the results here record- 
ed are from tests made with this fuel. The briquets were manu- 
factured at the U.S.G.S. fuel testing plant and were of two 
sizes and shapes. The round briquets were 84 in. in diameter and 
Qin. thick. The square briquets were 44 in. x6#in. x 23 in. 24 tests 
were made, twelve on each of two boilers. 18 of the tests were 
on round briquets manufactured with the Renfrow briquetting 
machine, the other six with square briquets made on the English 
briquetting machine. These machines and their products have 
been described in the bulletins issued by the U. 8. G. S., concern- 
ing the fuel testing plant at St. Louis.* The square briquets 
were broken in halves before firing. The percentages of pitch in . 
the briquets varied from 7 per cent to 8 percent. The chemical 
properties of these fuels as to moisture and ash are given in 
Table 18, page 104, Appendix C. 


20. Methods of Conducting Tests 


The methods employed in conducting the tests were also in 
general the same as those used in making the tests considered in 
Part I and have been described in connection with those tests 
under the heading ‘‘Methods of Conducting Tests” upon pages 15 to 
20 inclusive. For the tests here considered the following are the 
principal conditions under which they were planned to be run. 

{1). The load to be maintained between 60 and 70 percent 
of the builders’ rated capacity. 

(2). The load to be uniform throughout the test. 

(3). A steam pressure of 2 lb. to be carried on the heating 
system. 

(4). A definite charge of coal to be supplied at each firing. 

(5). Each test to be of approximately 8 hours’ duration. 

The air supply was taken entirely through the ash-pit door. 
On some of the tests it might have been advisable to continu- 
ously admit a part of the air used for combustion over the fire 
through the furnace door or it might have been possible to have 
increased the over-all efficiency of the boiler by adinitting air 
“*Professional Paper No. 48, Part III. 

Bulletin 261. Preliminary Report on Coal Testing Plant. 
Bulletin 290. Operations of Fuel Testing Plant in 1905. 


Bulletin 332. Report U.S. Fuel Testing Plant, 1906-7. 
Bulletin 343. Binders for Coal Briquets. 
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over the fire for a few minutes after each firing by cracking the 
furnace door; however, since this is not commercially practicable, 
no attempt was made to prove or disprove the statement. 

The boiler flues were blown after the close of every test, so 
that the heat developed on each of the tests had an equal chance 
on the heating surface at the start of the test; however, on some 
of the trials more soot was formed than on others, which made 
the heating surface on these trials much less effective at the close 
of the test than at the start. 

The standard method of the A.S. M. E. code for conducting 
boiler trials was employed, the test being started when the wood 
was lighted. As soon as the wood was burning well, about 25 lb. 
of the fuel was fired. In about 8 or 10 minutes, the remainder of 
a 75-lb. charge of fuel was fired. 

Observations concerning temperatures, pressures, drafts and 
water measurements were recorded every 15 minutes. 

As the duration of the trials was to be approximately 8 hours, 
just enough coal was put on the fire at the last firing to keep up 
5 pounds steam pressure until time to close the test. 


21. Data and Results 


In Table 18, pages 102 to 108, Appendix C, will be found the 
principal data and results relative to these tests. 

(1). Soot—Table 11, below, shows the amount and charac- 
ter of soot found on flues of boilers Di and D2 as determined and 
recorded at the end of test. Measurements were taken in the 
flues of the boiler. 


TABLE 11 


AMOUNT AND CHARACTER OF SOOT FORMED IN FLUES 


es Boiler Soot Measurements ee Boiler | Soot Measurements 
136] D1 140 D1 Heavy; % inch thick ' 
137 Dz 141 D2 | Heavy; % inch to 4 inch thick. 
152 D1 Heavy: 1-16 inch to % inch thick || 146 D1 | Heavy: large amount. F 
153 b2 Heavy; 1-16 inch to %inch thick.|| 147 D2 Large amount; choked draft 
154 D1 Light and fluffy; % inch thick. entirely off. ’ ¢ 
155 | D2 Light and fluffy; % inch thick. 148 D1 1-16 inch to 4% inch thick. 

Choked draft entirely off. 149 De | Heavy; large amount. 

142 D1 Heavy. 138 Di Very little. 
143 | De Heavy. 139 be Very little. 
144 | Di Heavy. 156 D1 Fine and heavy; small amount. 
145 D2 Heavy. 157 D2 Very little. 
158 D1 =! Very little. 150 D1 1-16 inch thick or less. 
159 D2 Flaky; 4 inch thick. 151 D2 1-16 inch thick or less. 
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Owing to the fact that the character of the soot was so vari- 
able, it is difficult to draw any conclusion on comparative thick- 
ness of soot. The above table shows that there was a big varia- 
tion in the amount of soot formed. It is noticeable that on sev- 
eral of the tests a great deal of soot lodged in the flues and ina 
few instances the flues were filled, choking the draft off entirely. 
More difficulty was experienced with sooton Boiler D2 than on D1. 

(2). Smoke—The smoke observations for the tests made at 
the Illinois Engineering Experiment Station are not reported 
owing to the uncertainty of comparative accuracy. 'The readings 
were extremely difficult to estimate, due largely to the peculiar 
color of the smoke. Smoke of about a shade between Ringelmann 
No. 1 and No. 2, from briquets made with pitch binder, is of a dirty 
yellowish color and far more offensive than No. 4 smoke from 
raw or washed coal, and probably would be of about the same 
gravimetric density as the No. 4 smoke from coal. On all briquet 
tests, the stack smoked badly for three-quarters of an hour after 
firing. After about one hour after firing the stack was almost 
clean, remaining so until another charge was fired. 


22. Equipment 


The equipment used in making these tests consisted of the 
two house-heating boilers installed by the Engineering Experi- 
ment Station of the University of Illinois and designated as 
boiler Di and boiler D2. Except for a few minor changes in re- 
gard to the type or arrangement of the apparatus used in making 
observations, the equipment and its arrangement are the same as 
employed when making the 48 tests considered in Part I of this 
bulletin. Description of this equipment has already been given 
and will be found upon pages 45 to 53, inclusive. 
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APPENDIX A 


23. Tabulated Results 

The principal data and calculated results of the 48 tests are 
given in Table 12, on pages 70 to 83. The column heading num- 
bers ranging from 1 upon page 70 to 73 upon page 82, correspond 
to the item numbers upon a final report sheet which was worked 
up for each test, and in general are arranged in much the same 
order as corresponding items in the A.S.M.E code for boiler 
trials. 

The first three columns upon each page of Table 12 are the 
same, and serve as a guide in showing the connection through- 
out the different pages. These columns give the laboratory test 
number, the boiler operated and the kind of fuel used. 

Upon page 70 are given the date upon which the test was 
made, the length of the test in hours, and average values of 
steam pressures, drafts aud temperatures. The average steam 
pressures are in no case recorded closer than to the nearest half 
pound. The manometer on the receiver, being connected to give 
the difference in pressure between the two sides of the orifice, 
did not indicate the true pressure in the receiver. The pressure 
on the exhaust side of the orifice plate was, however, so small 
as not to make the average pressure higher than 2 lb. as recorded 
above. It will be noted that in one test the average pressure in 
the receiver was 1.5 lb. 

The draft in the ashpit was taken along with other observa- 
tions at regular 20 minute intervals. Owing to the fact that at 
the time of taking such observations the damper to the ash-pit 
might be in any position from tightly closed to wide open, an 
average of such readings would be of little or no value and has 
been omitted from the tabulated results. In general the draft in 
the ash-pit varied from practically zero when the ash door open- 
ing was wide open, to approximately the same draft as existed 
over the fire when the damper was closed. A record of the 
position of the ash door damper and the smoke pipe check was 
kept in connection with the observations made upon drafts. 
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Pages 72 and 75 contain information relative to the fuel. 
Items 20, 21 and 21.1 show the amount of moist fuel fired while 
item 21.2 shows the same as corrected on account of the residual 
fuel drawn at the end of the test. Items 23 and 23.1 show the 
amount of fuel expressed as dry or moisture-free fuel. Item 
23.2 gives the amount of dry fuel actually consumed, further cor- 
rection having been made allowing for the unburned fuel removed 
with the ash. Items 24 and 25 exhibit respectively the ash and re- 
sidual fuel which were obtained for each test. Items 37 and 388, 
page 76 give the analyses of the residual fuel-as divided into car- 
bon and earthy matter, while items 40 and 41 givecorresponding 
information relative to the ash. Items 45 and 46 give the calorific 
value for the fuel used in each test expressed upon both a dry 
fuel and upon a fuel as fired basis. Items 43 and 44 exhibit the 
average rate of combustion maintained, expressed as dry fuel per 
hour and as dry fuel per square foot of grate surface per hour. 

Upon page 74 are given the proximate analyses of the fuel 
for each test with the items expressed in per cent of fuel as fired 
and moisture-free coal. This table has already been referred to 
in the sections concerning fuel and methods. 

Page 78 presents information relative to the water evapo- 
rated. Item 47 gives the moisture in the steam as determined in 
the receiver. The steam from the boiler to the receiver was 
probably dried to a considerable extent in passing the reducing 
valve and a part of the moisture collected in the receiver is due 
to condensation rather than entrained moisture. The moisture 
as here recorded is not a measure of the dryness of the steam as 
generated by the boiler at boiler pressure. It has, however, 
been used in the calculations for determining boiler performance 
as the moisture in the steam when reduced to receiver pressure. 
It will be noted that the moisture content so determined is com- 
paratively small and the corresponding corrections of little ef- 
fect in the final determinations regarding evaporative perform- 
ance. Items 49,50 and 52 give the amount of water fed to the 
boiler, the same corrected for quality of steam to give the amount 
evaporated and the equivalent evaporation from and at 212° F. 
Items 53 and 54 give operating conditions with reference to water 
evaporated, showing the total equivalent evaporation per hour and 
the same per square foot of heating-surface per hour. Items 48 
and 51 are factors used in calculating other items listed on the table. 
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Upon page 80 are given results relative to the load carried. 
As already stated, the attempt was made to run ata load equal to 
approximately 65 per cent of the boiler rating. An examination 
of the per cent given under item 56 shows that the highest capac- 
ity recorded for any test was 71.25 per cent and the lowest 58.33 
per cent, the remainder of the values ranging between these two. 
Item 55 gives the load expressed in square feet of radiation 
served. For the purpose of calculating this load an evaporation 
of 0.3 lb. of water from and at 212° F. was considered equivalent 
to serving one square foot of radiation for one hour. Table 8 
shows that of the external boiler surface of boiler Di, 87.88 sq.ft. 
was on the inner side in contact with steam and water, and Table 
9 shows that 108 27 sq. ft. of the surface of boiler Dz was under 
similar conditions. This surface could be considered radiating 
surface and if added to the surface served as shown by item 55 
would increase the load and show the boiler operating at a some- 
what higher capacity than is shown by item 56, which is based 
upon evaporation only, without regard to radiation loss from the 
boiler. Item 55.1 shows the load carried when this boiler radi- 
ating surface is added to the load as calculated from evaporative 
performance. It is inserted here in order to call attention to 
the very considerable difference which such an assumption would 
make, but is not otherwise used in any of the calculations involv- 
ing capacity, item 55 being used for that purpose. It was not 
considered advisable to make use of item 55.1 owing to the un- 
certainty as to how closely a square foot of the boiler radiating 
surface might be considered equivalent to a square foot of radi- 
ation as defined above, and especially on account of the fact that 
house-heating boilers in service may not be lagged and their ex- 
posed surface is rarely considered in estimating the radiating 
surface served. In case the boilers under consideration were 
lagged a portion only of the heat lost by radiation could have 
been utilized in evaporating water. 

Items 57 and 58 give the equivalent evaporation per pound 
of fuel. Items 59 and 60 give the fuel consumed per hour per 
100 sq. ft. of radiation, expressed in fuel as fired and in dry fuel. 

Items 61 and 62, page 82, give efficiencies as calculated in the 
usual manner. Item 61 gives the efficiency when only the boiler 
and furnace are considered. Item 62 gives the plant efficiency, 
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that is, the efficiency of the boiler, furnace and grate. The 
same grates were used thoughout and the efficiency of boiler and 
furnace without grate differs from the efficiency with grate only 
on account of the unconsumed fuel which passed through the 
grate. The grates may have been more suitable for the reten- 
tion of some of the fuels than of others. In so far as the grate 
serves as a part of the furnace, as in the matter of air supply, 
its effect is of course included in both efficiencies. 

Items 64 and 65 give the cost of serving 100 sq. ft. of radia- 
tion and of evaporating 1000 lb. of water from and at 212° F. 
based upon an assumed fuel cost of $1.00 per ton of 2000 lb. 

Items 70, 71, 72 and 73 give a number of the conditions which 
prevailed with respect to fire conditions. Item 70 (fuel fired at 
each firing) shows that 75 and 105 lb. of fuel constituted the firing 
charge for boilers D1 and D2, respectively. The first fire of each 
test, however, consisted of this amount of fuel and a sufficient 
weight of white pine kindling to ignite it. From 15 to 25 lb. of 
kindling were used in this manner upon each test. Inall calcula- 
tions involving fuel this kindling was allowed for on the basis of 
1 lb. of wood being equivalent to 0.4 lb. of the fuel employed. 

In calculating item 72 (average interval between times in 
shaking and raking) each firing was considered as a time of shak- 
ing and raking, whether the fire was touched or not, other than 
to put on fresh fuel, also poking, leveling, or other working of 
the fire was so considered. Where the average interval between 
times of shaking and raking is the same as the average interval 
between firings (item 71) the fire was not touched between firings 
throughout the test. 
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TABLE 13 


FLUE GAs ANALYSES, HOUSE-HEATING BOILER TRIALS WITH 
REPRESENTATIVE FURBLS* 


Average 
; Length 
: Test COQ2 O2 

Kind of Fuel of Test 

No. (hours) per cent | per cent Con 02 
per cent | per cent 

Bolter D1 
162 8.7 3.6 14.6 
186 23.15 6.4 11.4 5.0 13.0 
176 25.13 3.5 16.2 3.5 16.2 
199 9.57 9.4 11.1 
180 15.83 3.7 16.0 
201 23.70 8.2 12.2 
182 26.23 6.0 WS 6.8 13.2 
197 10.63 9.1 11.3 
195 Tlgileg 8.3 12.0 8.7 ate 
215 8.63 (oha?4 12.8 
217 23.48 6.8 12.8 6.8 12.8 
234 16.73 6.2 13.4 6.2 13.4 
162 8.00 8.8 10.7 
167 ion} 9.9 9.7 
187 26.00 8.9 9.6 9.2 10.0 
175 16.05 7.6 10.1 
177 25.938 8.7 9.3 8.2 9.7 
179 11.70 9.3 7.4 
200 11.85 15-3 4.4 
185 15.55 14.4 5.0 
181 14.92 12.0 6.7 
183 24.85 i Wigs 6.9 
202 24.17 13.5 6.3 1257, 6.1 
209 12.57 14.3 4.7 
196 16 33 NARI 43 13.2 6.0 
214 9.88 10.4 6.7 
212 15.58 117 4.5 
218 23.18 Baal 14.8 9.1 8.7 
235 16.03 11.4 5.9 11.4 5.9 


*See ‘'7. Tabulated Data and Results,”’ p. 20. 
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TABLE 14 


COMPARISON OF FLUE GAS ANALYSES TAKEN AT DIFFERENT TIMES 
DuRING Test, BOILER D2, HOUSE-HEATING BOILER TRIALS 
WITH REPRESENTATIVE FUELS 


Length | 
. f Time 
Time of oS 
se ee pene When Taken pore pean 
Sample Sample 
(min. 
10:00 A. M. 20 Just after 2nd firing.............. 7.2 9.6 
. 11:00 A. M. 35 1 ‘hour after 2nd firing Ji. 0s .c.e<e. 9.0 10.0 
mehr Botte 12:00 M. 45 | 2hours after 2nd tiring........... 8.4 10.4 
2:05 P. M. 60 45 minutes after 8rd firing........ iutsi! 7.9 
9:45 A. M. 60 37 minutes after Ist firing........ 14.0 ing 
12:25 P. M. 60 15 minutes after 2nd firing........ 14.4 3.9 
Gas House 2:10 P. M. 80 2 hours after 2nd firing....... ate 14.8 5.3 
Coke 4:20 P. M. 20 2 minutes after 8rd firing ........ 11.3 es 
5:10 P. M. 30 52 minutes after 3rd firing........ 16.5 3.6 
6:00 P. M. 60 1 hour 42 min. after 38rd firing.... 15.6 4.4 
9:15 A.M. 45 1 hour after 1st firing*. ......... yi 4.1 
10:45 A. M, 30 2 hours 30 min. after 1st firing * * 12.2 7.0 
< 3 10:00 A. M. 60 47 minutes after Ist firing........ 13.8 5.6 
Solvay Coke | 49:00 M. 60 | 2nd firing at 12:45................ | 10.8 9.2 
2:35. P.M. 60 1hour 50 min.after 2nd firing .. Tce 4.6 
4:30 P. M. 40 3 hours 45 min. after 2nd firing... 10.5 9.8 
9:25 A. M. 30 30 minutes after Ist firingt....... 7.9 9.8 
Tilinois 10:00 A. M. 30 65 minutes after 1st firingtt...... 9.7 8.1 
Williarne, 11:52 A. M. 30 Just after 2nd firing.....).......- 8.0 8.7 
HR eee a 12:30P,.M. | 30 40 minutes after 20d firing.......] 12.4 4.6 
couney. 2:30 P. M. 34 1 hour before 8rd firing........... 13.3 6.2 
3:35 P. M. oa Just after 3rd firing.......... ..- 11.4 2.8 
( 


* Wire hot and thick. ** Fire thin, with several holes. 
Both of these samples on test No. 207. Other four coke samples on test No. 196. 
+ Fire badly caked. tt Fire clear and bright. 


90 ILLINOIS ENGINEERING EXPERIMENT STATION 
TABLE 15 
SMOKE CHART RECORD, HOUSE-HEATING BOILER TRIALS 
WITH REPRESENTATIVE KUELS 
a 2 « m 
SS |30 19 
s Maximum |2E |2% Vong 
ag Density |So |28 |gue 
ES of Smoke |83 |S} aae 
te Recorded | 89] nF 3/08 
- as Oost ers DS 
) ep BoassEaS 8 
ra bp a moO o| SS 
E Test| 22 Color or qa |RSS shim gs 
& Kind of Fuel cS a6 Condition of 3 HaASlHS nla & 
g No. | #8 Sane g@ | Oem obs OME 
3 He q |v. lau jaxelges 
faa) 4 ® we |8og 198 jogs 
on) >) sae j/22 (2a |oge 
SS S |maife lee |e 
2Q¢ & | or {ea (aA la, 
an ° 
z 6 per |) per | per 
7, cent | cent | cent 
Di | Gas House Coke RS SM (less 6 lee a eoreencs ch eieacearicmcic 40 2 7 93 2 
D1 213 | Ist |Dense Yellow..... 50 2.5 9 91 3 
D2 or 200 3rd 20 1 7 92 | 1 
D2 xe 185 3rd 40 2 6 eri 3 
Die Solvay: COKE. ca. o-2. 022]. 195), St _olGray Yellow-.esc. 50 owe | el eey | 
D1 Sn MCN cte> 192 |2d &6th|Light Gray.. ..... 10 0.5 5 Che i 0) 
D2 BE hie Sir nor 196 1st Light Yellow...... 50 2.5 10 90 | 3 
D2 A we tte aRoe ae 193 | 1st |Light Gray........ 60 3 15 85 | 3 
D1 | Williamson county, | 
| IHN TALES; Sopeeeeane Olin ord 40 2 50 50 | 14 
D1 pe eee are ee as 217 2nd 70 3.5} 49 al ite sinil 
TD ee ae asa tare 214} Ist 60 Sees 52 | 13 
Di | Macon county, Dllinois 236 | 2nd vi 3.001 48: 1 52) 4 206 
D1 tao er ae 234 2nd 40 2 40 | 60 x3 
Di Me 232 | 2nd 50 | 2.5.) 64 | 36 | 24 
D2 237 2nd 60 3 61 | 39 | 22 
D2 235 2nd 60 3 44 56 ai 
D2 233 2nd 60 3 27 we i 10 
Di | Vermilion county, | 
BINNGIS: Sakae meee eee SEO Shes Aone Rae ta ee 60 3 | 44 56 | 18 
Di pA eration atats cease 243 4tni 9 leases 50 2.5 34 66 | 13 
D1 239 QNGN he cnvactis sasteine mee. 60 3 58 44 | 24 
D2 ioe arate eee 242 SVQ) Werascrosmene etre oe 70 3.5 | 60 40 | 23 
D2 244 SOD [iancccmyscas 60. SOO 50 | 15 
D2 pT tale 30 A Ee ime eee es 50 2.0 45 55 16 
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TABLE 16 Tests oF FUEL IN HOUSE-HEATING BOILER AT ST. Lovuis* 


= Average Pressures 
3 
Be | = _ Draft 
| e 2o aa a in. of water 
“| cE] Eee] 3° 
z 5 ee ve So | 3e ga ae Oe ls 
ey Designation of Fuel Description of Fuel Tre ee Be jose) & a 
A 3 Ao] £0 |OnS) & a 
& 5 | BS] 6° \Basl ut S 
Q |p| S6-ioam) 2} o 
s Ss jas (oe) a 
DY A 
1 10 11.1 12 13 13.1 
43) Arkansas No. 18. ..0c.000 Briquets, round,......... 8.33 2.2 14.39 | 0.34 | 0.07 | 0.04 
58 | Dlinois No Coal, run-of-mine........ 7.92 1.9 14.36 33 07 03 
59 ae oN A ccmjataiclelers 8.00 i YC?) 14.45 36 05 03 
48 | Illinois No. Briquets, round.......... 8.00|(eadlc? 14.45 .33 06 03 
39 | Illinois No. ie Deietie acai Oreo ot 14.54 -36 i 04 
13 | Illinois No. Briquet, square, slack ..| 8.25 3.8 14.39 21 06 05 
52 | Illinois No. Goaly OP Pivs.cccccenw once 7.80 2.4 14.56 81 03 03 
53 <¢ Paes Caen ees, 8.25 2.3 14.41 .35 05 04 
o+ a Pied Mtcaceree tocneenant 8.06 2.1 14.30 .32 03 02 
55 a Penrith Gane eae 7.83 1.3 14.35 386 03 02 
9 | Illinois No. 29 AW Briquets, round.......... 7.88 | 3.4 14.46 24 10 06 
12 | Iliinois No. 29B Briquets, round, slack ..| 7.20 2.2 14.51 123 08 07 
33 | THINGIS NOU SIs cisesissickien Briquets, square.........| 7.83 Rt 14,37 .29 13 10 
34 | dees AA SN areseainean Pett, Get. Setacscce 8.08 2.9 14,34 +28 10 06 
44 | Fo ee ent eat 3 Briquets, round,......... 8.83 | 1.8] 14.40 386 07 04 
BS LWinoiSNO83 sates sane Ne Ranoenc 7.88 | 2.2) 14.34 .32 08 05 
3? | Indiana No. 1B... anes er ; 8.838 2.4 14.60 .35 13 07 
36.) tadiana No. 5 Biw..ces vce wt 8.41 2.7 14.26 34 13 08 
Rn EGTA UNO, Gabbe rience Briquets. square......... 7.88 2.8 14.64 AS) 09 06 
10 | Indian Territory No.2 BW) Briquets, square, slack..| 7.92 3.3 14.59 125 12 
11 | Indian Territory No. 2 B.| Briquets, round, slack ..| 7.87 4.3 14.51 122 05 Ot 
Ra RAUSAS NOUS dS cniniesee Sy ea) on Gerais 8.00 4.1 14.46 122 05 03 
40 et en as fines Briquets, square......... 8.25 | 2.5} 14.36 36 09 06 
21 | Maryland No. 8. ......... Briquets, round......... 8.00 | 2.9 14.65 .28 12 09 
22 ss a cuca s wee EN OU. 3.2 14.55 .23 ll 10 
23 oe Ey BOR pon J orteteree 8.00 3.6 14.51 .23 1 10 
20 re Coal, run-of-mine........ 7.88 | 2.2] 14.52] .25 13 09 
2 | Missouri No. 10 Briquets, round, slack ..| 7.66 3.4 | 14.68 .24 04} .03 
3 a Renata via teiotere ce Wed oan i MeN er 7.83 3.1 14.46 | 07 05 
4 A ale Et Be baal gn RS ea 7.82 Seed 54 .25 .08 06 
5 ‘ A TEM eee Dp SERRE oie 8.13 2.0 14.59 .26 .10 05 
28 | Pennsylvania No. Briquets, round..... 8.00 3.9 14.37 18 .09 08 
29 aS) ue Sree sae = nti .-| 8.00 4.6 14.44 .18 07 06 
30 ; Briquets, square......... 770 «| S88 TANT 22 11 10 
Seem ek . adieeeews ie Secicne 8.00 3.4 14.60 .29 12 0 
46) ag rw le Be emia ree 8.13 2-1 14.40 86 03 O1 
24 ree = ES I a Coal, run-of-mine........ 8.00 | 3.0] 14.55] .22 10 09 
25 Py. . eo ue eaencne Peak din Meaher ce 8.00 3-1 14.41 -22 13 
32 | Pennsylvania No. 19 ..... Briquets, round.......... 6.58 | 3.6 14.33 ee 8] 07 
15 Ee Metre Coal, run-of-mine,....... 7.50] 3.4 14.43 23 ll 10 
26 | Pennsylvania No. 20...... Briquets, square...... 8.00 3.4 14.48 seo 12 
27 ye Lieietn en er ieee aire tne 3 8.00 3.3 14.40 +22 at 
41 | Pennsylvania No. 20 W...! Briquets, round......... 7.81 3.3 14,30 oe 07 06 
42 - wuaeteeieionre me on ei Wate 5.20] 2.9] 14.32 noe 09 08 
i6 | Pennsylvania No. 22 ..... PN | Matscahase 7.88 | 8.7] 14.46 | .22 ll 08 
17 Pe pied” ety eee 4.08 3.5 14.28 wel .09 08 
18 < Briquets, square,........ 8.00 1.6} 14.86 23 09 07 
19 j xc Ses bi Proc sans| [Asal 2) 2.4 14.36 .23 12 ll 
14 Bea seaen Coal, run-of-mine........ 7.5 3.8 | 14.55 3 10 7 
7, Pennsylvania No. 15(one| Briquets, round...,.... | 8.23 | 2.0] 14.51 34 07 03 
half) and Rhode Island 
No. 1 (one-half). 
56 | Pennsylvania No 18 (one- ‘iv pal 2) Wadena 8.16 ' 1.6] 14.38 34 04 02 
fourth) and Miscellan- 
eous No.9(three-fourths) 
57 eS SOROS Fe sg Serr eos 7.00 2.2 14.47 86 07 04 
35 | Pennsylvania No. 18 (one- at 5.66} 3.2 14.31 29 10 07 
half) and Rhode Island 
No. 1 (one-half). Z 
49 | Pennsylvania No, 18 ia MAI e I ORe 8.0 | 14.45 .80 06 OF 
(three-fourths) and Mis- 
cellansous No. 9 (one- 
fourth). 
50 | Pennsylvania No. 18 (one- TU) eater te eee 7.88 | 2.2] 14.40] .84] .07] .04 
half) and Miscellaneous 
No. 9 (one-half). 
51 d Se. a asansooae wh, aN acne 8.00} 2.5] 14.46 .33 04 02 
7 Virginia NOGG Biot ices WED FO eres 8.00 | 3.6 | 14.46 124 12 10 
Bitte Pd a 8 A cchieleee ve = 0 Senneterre 7.80 | 4.8] 14.35 19 09 07 


*See ‘15. Data and Results,"’ p. 58. 
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Average Temperature (oF) 42 
Goisaves oF 
Esc | 23 
be Lo} 2. & aZ os 
. So dey selene | 8 | eee ose 
3 < i) I a2 ao ae Megas) 2 
4 aie] #e| 83 | a8 5 |BESs) e2 
Designation of Fuel § S Bon 85 DE ||syac aia 
= a S a ic] = S Q a = . og wo a 
2 Soice lase laws | S \AASS| <4 
a Lat [o} ov oo = l\sano < a 
gq | a os rage) | 1 lge2 | ag 
& o |S gn rome) 
(ao. | Sete 
14 15 16 17 21 23 23.2 24 
45 | Arkansas No. 18................| 50 81 145 695 77 765 731 137 
58 Illinois No. 1 64 88 121 710 854 739 706 151 
59 aha 46 7 126 720 874 756 728 128 
48 Tlinois No. 45 if 141 650 965 907 874 237 
39 | Ihinois No. 58 &3 137 855 871 824 789 195 
13 Tllinois No. 69 92 143 fers 666 613 587 98 
52 Illinois No. 59 88 138 600 817 757 727 114 
53 i 66 | 88 128 720 927 859 827 122 
54 i 62 85 135 635 811 752 725 104 
55 Myers 12 93 123 850 764 708 685 87 
9 Illinois No. 31 70 149 DOL 750 658 648 68 
12 | Illinois No. 46 79 147 eh 735 688 671 106 
33 | Illinois No. é 80 91 106 570 813 738 725 112 
34 : : 82 96 101 400 836 759 743 139 
44 ae bl | 82 138 795 968 901 880 144 
43 Ilinois No. 50 81 146 600 974 882 761 333 
37 Indiana No. 57 91 120 815 1104 1056 1037 120 
36 Indiana INO RD YES tec rereeiere eevee 63 90 103 730 929 890 868 134 
BOM PUMA AUN O-Oubdetiicste  cleeicin resins 45 82 140 715 815 768 750 144 
10 | Indian Territory No,2BW... 33 aL 150 rat 736 720 686 100 
11 | Indian Territory No.2B .....| 42 76 158 R's 737 721 700 126 
Tt ECS AISRINO Est lerateieieisue sisyere syrein ate 40 72 145 on 667 648 wie 113 
40 Pabee PR cnr aaerasersee 48 84 135 665 800 72 743 172 
21) Maryland NO) 25.0 cecuonscee wares Bh fs 150 Abc 652 628 612 73 
22 : aie fe sees 30 80 146 G50 560 540 534 28 
23 EM aiatesic aciieee 41 13 143 cree 650 626 611 i 
20 ie SoaeondsosEaeoune 32) 71 144 aa 520 51l 502 34 
DI MVISSOULIUNOS LOU se icie.ss2 ck aise 32 7 151 cL5e 1159 1031 986 258 
3 an SocnpraGG Hoontalh ahs 83 149 Oso 769 684 651 189 
4 eee | cise taeatneemest 27 69 139 ae 819 729 695 193 
5 pe MMe oii eee 18 67 154 ae 1036 922 R98 136 
28 | Pennsylvania No. 18 46 81 140 fre 580 537 531 37 
29 et teh eh or aeh 54 85 144 tae 662 604 598 34 
30 Ce 42 83 146 saa 525 500 496 31 
31 et ed Boe ren Centr 58 81 146 550 550 524 516 68 
46 ee Be ote 44 80 133 685 653 636 610 110 
24 2 43 78 144 Nh 550 539 527 47 
25 See t N pae 74 145 aap 550 530 518 47 
32 | Pennsylvania No. 19..... ..... 86 96 112 675 541 532 527 41 
15 CPE cae AEA TE ee Oe BO cies Ete 55 85 142 ater 456 447 438 27 
26 | Pennsylvania No. 20........... 44 Zh 135 seis 525 493 A484 55 
27 se aes pe eee core 52 85 dal co 550 516 508 48 
41 | Pennsylvania No. 20W........ 48 84 146 70 594 587 77 56 
42 FeO yak eee gn See eRe 45 76 134 620 388 383 374 53 
16 | Pennsylvania No. 22..... 48 78 141 on 550 538 520 117 
17 Oy gk” ae Slee ee eres ae 63 ae 138 Aao 538 526 515 72 
18 ge ena 7 79 140 553 533 503 92 
19 es erage ateiseiee 46 V7 140 551 531 504 g4 
14 a PEE 47 81 144 492 483 459 Yi 
47 | Pennsylvania No. 15 (one-half) 
and Rhode Island No. 1 (one- 
THANE) heme eee weenie ee 45 77 147 665 652 647 616 112 
56 | Penns,lvania No. 18 (one- 
fourth)and Miscellaneous No. 
9 (three-fourths).............. 50 80 126 800 644 637 606 112 
Bye CR ee sane s Sonne 53 83 125 730 652 645 613 117 
35 | Pennsylvania No, 18 (one-half) 
and Rhode Island No, 1 (one- ’ 
Haibane sec Loto ORE CEE 84 99 102 705 489 482 475 46 
49 | Pennsylvania No. 18 (three- 
fourths) and Miscellaneous ; 
No. 9 (one-fourth) ............ 47 79 142 550 648 636 609 130 
50 | Pennsylvania No. tapers 
and Miscellaneou2 No. 9 (one- 
ist WOO Bence Ge 4 ee StOOU OU GHONOEOOG 47 80 140 630 646 638 596 133 
51 Pe emaraccaticuienirsteascne 49 79 139 620 651 oe oe ve 
Ar rini AuNOW, Bw ate scccen eee 37 72 157 soe 712 fF 5 
3 Meee 45 77 155 Gas 613 585 549 134 
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TABLE 16 Tests oF FUEL IN HOUSE-HEATING BOILER AT 
Sr. Lours—(Continued) 
Proximate Analysis of Ultimate Analysis 
Fuel as Fired of Dry Fuel 
per cent per cent 
qd ® 
3) £ rs q 
Q 2 3 ) q o a 5) 2) 
° u tat | 
Zi Designation of Fuel § = ts g s 3 4 3 a g 
g ee Soa alee We Weed iene 
a Hl 2] Spo en | 2 
& s | 
26 27 28 29 30 31 32 33 34 35 
Anal CAPR ANSAS INO, Loi. eacaeteceine 68.30} 15.11] 1.49} 15.10] 75 05) 3.84 1-8]) 1.85 | 2.62 | 15.33 
Se MELUTOLGIINO’ bcaoe oars a easels cl aicre se ; 13.49] 11.97} 64.88) 4,45 | 10.71] 1.03 | 5.09 | 13.84 
59 mi SOOCOD CKEDOE 13.49] 11.97] 64 88] 4.45 | 10.71] 1.03 | 5.09 | 13.84 
48 | Illinois No. 7 7 ih. 6.06} 23.51] 59.48) 3.54 5.70| .83 | 5.42 | 25.03 
39 | Illinois No.9 C 5.43] 13.39] 68.44) 4.44 8.30} .94 | 3.72 | 14.16 
13 | Illinois No. 12 BW 7.93} 11.05] 71.14] 4.39 8.90] 1.12 | 2.45 | 12.00 
52 | Illinois No. 19 E eOo\ LOAD . arets $0he | eacetn epee ide OO mercer 
53 oe TEBSIO 1045 es cere ae Beaver [Gr leaeeee 
54 te Besa LO LAS areca etoiata eeaet oe nakoul| | aereretere 
55 sa Becomes Cootar 7.83) 10.4500) se. a pistetate || Ter end Ole) rawaterers 
9 | Illinois No. 29 AW 12.29} 6.56! 72.22) 4.92 | 10.25] 1.07 | 4.06 7.48 
12 | Illinois No. 29 B 5 6.42 11.93] 67.10) 4.59 | 10.30} 1.00 | 4.26 | 12.75 
Soul MUUIGNOLS UN Oso La ciieelesepietn cites tere Os 9.17) 18.90; 66.14) 4.33 8.93} 1.01 | 4.29 | 15.30 
34 eee VPN oat Bie 9.17) 18.90/ 66.14] 4.33 8.93] 1.01 | 4.29 | 15.30 
44 gees ieee nicepr ete ae és 6.98} 14.96] 66.75| 4.85 7.33) .93 | 4.06 | 16.08 
AS WP UMOIS INO. 83.6 cecvererne atcbance 5 ( 9.47] 21.53) 60.07| 3.93 9.47| 1.03 | 1.72 | 23.78 
@ \ endiama NOt Bo sicca.cncecs ene oe 44.78) 36.21] 4.34] 14.67] 65.26) 4.58 | 10.84] 1.20 | 2.7 15.34 
Shel) End laa, INO. Bb Be or acre. went 48.91} 35.74] 4.20) 11.15) 70.47) 4.85 7.53} .94 | 4.57 | 11.64 
88) | indiana INOW GSB oe .necnce een ae 43.16] 37.83) 5.72} 13.29] 66.48) 4.76 8.42} 1.07 | 5.17 | 14.10 
410 | Indian Territory No.2 BW,..| 54.51] 35.86] 2.19} 7.44) 75.69] 4.84 S176) £ bon) Leod 7.61 
11 | Indian Territory No.2 B...... 51.31} 34.60) 2.15) 11.94) 71.96] 4.56 8.09] 1.45 | 1.74 | 12.20 
1 | Kansas No.28 46.78} 31.67) 2.78) 18.77) 66.00] 4.35 4.90} .96/ 4.48} 19.31 
40 oe “8 47.58) 29.09} 3.47] 19.86] 63.78] 4.01 5.92) 1.03 | 4.69 | 20.57 
21.) Maryland NO. 2.2620. sens 68.54! 21.14) 3 63} 6.69} 82.41) 4.74 3.40] 1.62 .89 6.94 
22 eke TORRES re tthe 68.54) 21.14) 3.63] 6.69] 82 41] 4.7. 3.40] 1.62 -89 6.94 
23 a 68.54) 21.14) 3.63] 6.69] 82.41) 4.7: 3.40} 1.62 -89 6.94 
PAO lh ee eg Res BP oat cic opin ee noe 7225) 18.69) 1.691 Se8T. ie, Port goon caoc -92 = 5.5.65 
2 Missouri INGOs circsartate cuneate 38.67] 32.24) 11.03] 18 O06] ..... Sante canal eines ap ake ee 
8 (te eee erento wees 38.671.32.24) 11-03) 18-06) ....2) os. stall Meme aule Siete 
4 ; ARAN ESOOOe tb 38.67] 32.24|_ 11.03] 18.06] ..... ayoouye Pah ce euilTeele Says 
5 ; 5 agus, wabobcobens 38.67) 32.24) 11.03] 18.06] .... asta Seer Heroes Seeks: a 
28 Pennsylvania ING Sic acanhice 64.61} 19.45) 7.43] 8.51] 80.80] 4.44 2.88} 1.16 | 1.53 9.19 
29 eet hE oa baacrn ds 64.61) 19.45} ‘7.43; 8.51) 80.80) 4.44 2.88) 1.16 | 1.53 9.19 
SUN $0 ge beoee en Ancrersod 69.14) 18.43) 4.71] 7.72) 81.77|.4.40 S22) 1.26) ||) 1525) 8.10 
ye ee eM RE Recs 2s 69.14) 18.43) 4.71] 7.72] 81.77] 4.40 Seer | lee Gn enennee 8.10 
46 Se hark Sodsot 62.80) 24.23) 2.55] 10.42] 78.65) 4.36 3.88] .88 | 2.04 | 10.69 
CLA.) ae oS Pees rk oF DL Do) TG.74), 12961 SOSS2i cae aie Besa ceterene| das OIL, ol eeisree 
25 : ee ee retro 71.88) 16.46) 3.56) (8.101 . 2, ete BOA Inde 7 Ountarceterve 
32 Pennsylvania SN OMLOiies eta: 55.24) 33.50} 1.75} 9.51] 75.91) 4.52 7.16) 1.35, | 1.38 9.68 
15 Byes eoueu.cpcoce D7. 20) Ole” 2.03) 9061 csc. Bek PEON ace sated ball et aiid aertees 
26 Pennsylvania INO20cenanecann 64.38] 19.23) 6.16} 10.23] 78.13] 4.20 | 2.83] 1.09 | 2.85 | 10.90 
27 eee boob toe nes 64 38) 19.23) 6.16] 10.23] 78.13} 4.20 2.83) 1.09 | 2.85 | 10.90 
41 Pennsylvania No. 20) Wrecs cere 67.74) 20.58] 1.23] 10.45] 79.20) 4.56 1.52/71.12 | 3.02 | 10.58 
42 Fe Taina farts 67.74} 20.58) 1.23} 10.45] 79.20] 4.56 152) 1.12.1 3.02") 10.58 
16 Pennsylvania INORG? eae dane -| 55,12} 32.11) 2.21) 10.56] 75.72) 4.52 | 6.41! 1.89 | 1.16 | 10.80 
Avi ie  onenebadece 55.12} 32.11] 2.21] 10.56] 75.72] 4.52 6.41] 1.39 | 1.16 | 10.80 
18 i  Messdaosrc 54.27) 30.57) 3.55] 11.61] 75.93] 4.58 5.10} 1.24 | 1.11 | 12.04 
19 Ph eeeencoubasode 54.27) 30.57| 3.55! 11.61] 75.93] 4.58 5.10} 1.24 | 1.11 | 12.04 
LAM eee ieee take Serica. 57.96) 29.45) 1.77] 10.82] .....| .... cafe | oe AOA ererie 
47 | Pennsylvania No. 15 (one- 
half) andRhode Island No. 
ie(OMe=alf) seescenins epee 69.71) 15.96 74) 13.59] 77.47) 3.05 2.66) .49 | 2.64 | 13.69 
56 | Pennsylvania No. 18 (one- 
fourth) and Miscellaneous 
, No. 9 (three- -fourths). 69.24; 15.87] 1.06] 13.83] 76.03) 2.8) 4.92 81 | 1.45 | 13.98 
57 aan 69.24! 15.87] 1.06] 13.83] 76.03) 2.81 4.92 81 | 1.45 | 13.98 
35 | Pennsylvania No. 18 (one- | 
wee Ser gee Island No. 
One-hali) hi amerkietete cites 70.34| 16.39] 1.34] 11.93 3 5 i i - 2. 
49 | Pennsylvania No. 18 (three- biti Deak abet seca ccc) 
fourths) and Miscellaneous 
No. 9 (one-fourth).......... 69.52) 15.05] 1.83) 18.60] 77.21] 3.12 3.48 70 | 1.64 | 13.85 
50 | Pennsylvania No. 18 (one- 
half) and Miscellaneous No 
e 9 (one- -half) cerelerstaneyastevisioieaioier 69.67) 13.73] 1.30) 15.30] 70.93] 2.81 8.80 W5 | 1.21 | 15.50 
51 te tae? ee Oe WS inggssccn 69.67) 13.73} 1.30} 15.30] 70.93] 2.81 8.80} .75 | 1.21 | 15.50 
7 Virginia ING VOUB erence aie 65.93] 14.28) 4.52) 15.27] 76.18] 3.67 2.52 81 .83 | 15.99 
foie a OPO a gia SY ERS AS i Eel 65.93) 14.28] 4.52, 15.27] 76.18] 3.67 ~52 81 -83 | 15.99 


- SNODGRASS—FUEL TESTS—HOUSE-HEATING BOILERS 


95 
TABLE 16 Tests oF FUEL IN HOUSE-HEATING BOILER AT 
Sr. Lours—(Continued) 
es British thermal 
percent | pounds per pound 
| ee AS 2 7 os ae of Fuel 
wb 
a 8 Burned per 
Z, qd a 3 square foot of 3 
feat Designation of Fuel g a a > | Grate Surface bs H 
3 | FA >» | & | A —————| §& & 
S A 
Bi} 'o) gS n 3 n 
mu <q no Me <q 
3 <.5 a 
& ie 
37 38 43 | 48.1 | 44.1 44 45 46 
1 
45 Arkansas ING: Stns weieninare wees: 22.06 77.94 93 92 6.89 6.81 13112 12917 
58 Iilinois INO SU ie esters sielcisn elie oicree 18.40 81.60 108 93 8.00 6.89 12178 10535 
59 he: AHUMY OB OOOO ODOR alltoine (0) 81.60 109 95 8.08 7.04 12178 10535 
48 Illinois 89 J RY Si seco ene aa 10.02 89.98 121 113 8.96 8.37 10667 10021 
39 {llinois INGO hive worm aac are 15.00 85.00 105 99 7,78 4.35 12385 11713 
13 | Illinois No. 12 BW.. 23.85 76.15 $1 74 6.00 5.48 12958 11930 
52 Diinois No. 19 E... 22.05 77.95 105 97 7.78 7.18 12411 11501 
53 a Golseno DAGe ~oOCS 22.05 77.95 112 104 8.30 7.70 12411 11501 
54 lg Gospan coupnomadn 22.05 77.95 101 93 7 48 6.89 12411 11501 
Sh ce. bie ee | ee aeoatindotenoae 22.05 77,95 98 90 7.26 6.67 12411 11501 
9 { ELMnols NO. SOA W act. <cise > wate 13.95 86.05 95 84 7.04 6,22 13306 11671 
D2 PMINOLS ING 329 WS ois sje cone meee 13.56 86.44 102 96 7.56 ikl 12562 11756 
SOM LEE OL SING dias cesc-ok, sicsnae cierto cisre 9.47 90.53 104 94 7.70 6,96 12024 10921 
34 Pal WO Nene nie cweaniereG 9.47 90.53 103 94 7.63 6.96 12024 16921 
44 ee ny Mie theres ictaleinieeieiene 11.97 88.03 116 108 8,59 8.00 11995 11158 
ASW ELUINOUSINOGGS 2 ctw sian a ajncres Sub uters © 26.85 73.15 124 113 9.19 8.3 10782 9761 
Seopa lama INO Bkicciciss' evere ie 13.13 86.87 133 127 9.86 9.41 11907 11390 
36 | indiana INO@.6:B).2,-<<ccees «nner 14.79 85.2 110 106 8.15 7.85 12970 12425 
38 | Indiana No.6B........ asters 10.48 89.52 103 97 7.63 7.18 12557 11839 
10 | Indian Territory No.2 BW....| 32.11 67.89 93 91 6,89 6.74 13865 13561 
11 | Indian Territory No. 2B....... 15.05 84.95 94 92 6.96 6.82 13196 12912 
i> SISE enon OES Gans YRAGOC OHO ImecSdeallL recoon 83 81 6.15 6.00 12132 11795 
40 pees MM East cSt Nace: 13.53 86.47 97 94 7.18 6.96 11855 11444 
PAY MEAL VAIN INO 2 a ale.ccace'se ap canve.cts's 22.64 77.36 82 79 6.08 5.85 14694 14161 
22 De i oe EEO 22.64 77.36 75 71 5.56 5.26 14694 14161 
23 | hee PU AP eee aes 22,64 77.36 81 78 6.00 Is), 7kel 14694 14161 
20 Pep > Rianne boos 27.30 72.10 66 65 4.89 4.7 14473 14229 
2 | Missouri No. 10. 13.89 86.11 151 135 11.20 10,00 11588 10310 
3 *) 13.89 86.11 98 87 7.26 6.44 11588 10310 
4 ‘ 13.89 86.11 105 93 7.78 6.89 11588 10310 
5 a 13 89 86.11 127 113 9.41 8.37 11585 10310 
28 | Pennsylvania No. 18 16.64 83.36 73 67 5.41 4.97 14408 13338 
29 te 16.64 83.36 82 16 6 07 5.63 14408 13338 
30 ee et 12.02 87.98 68 65 5.04 4.81 14559 13873 
31 aie Oh eon dente 12.02 87.98 69 66 5.11 4.89 14559 13873 
46 Se a cefanaraneats 22.54 77.46 80 78 5.93 5,78 14038 13680 
24 a BER ores 25.38 74.62 69 67 5.11 4.97 14096 13820 
25 OU ala ene peoaeoectnS 25.38 74.62 69 66 5.11 4.89 14377 13865 
32 | Pennsylvania No. 19........... 10.44 | 89.56 82 81 6.08 6.00 13889 | 13646 
as Se gt re, 31.05 | 68.95 61 60 4.52 4.44 | 13996 | 13712 
26 | Pennsylvania No. 20...........| 15.53 | 84.47 66 62 4.89 4.59 | 14064 13198 
27 Ge) 8 Le cites 15.53 84.47 69 65 5.11 4.82 14064 13198 
41 | Pennsylvania No. 20 W.. 17.04 82.96 76 15 5.63 5.56 14069 13896 
42 I a ae eee 17.04 | 82.96 75 74 5.56 5.48 | 14069 | 13896 
16 } Pennsylvania No. 22........... 15.01 | 84.99 70 69 5.18 Baila! 13867 | 13561 
17 i Eee Sacer 15.01 | 84.99 67 65 4,96 4,82 | 13867 | 13561 
18 MN BIS Se cies ace ess 30.83 69.17 69 67 5.11 4.96 13764 13275 
19 MD Wet Ra crore iothy.c 80.83 69.17 68 66 5.04 4.89 13764 13275 
14 On BARON Rane 22.96 | 77.04 65 64 4.82 4.74 | 18812] 13568 
47 Penney vanis O- ee ae) 
ard Rhode Island No. 1 (one- 
NAL) eeetietetnineencriiclicacc|: ets0D 75.45 79 79 5.85 5.85 12887 12793 
56 GaN No. ed (one- 
ourth) and Miscellaneous 
No. 9 (three fourths)......... 24.20 75.80 79 18 5.85 5.78 12857 12721 
57 - snonose all PERO Wbicteto) 93 92 6,89 6.82 | 12857 | 12721 
3 AO EN No. eee 
and Rhode Island No. 1 (one- 
Wate eee rer ntct Maseran ee wise -| 13.89 86.11 86 85 6,37 6.30 13569 13887 
49 pus rani No. ae ee 
fourths) and Miscellaneous S 
No: 9 (one-fourth) .....<:.... 19.30 80.70 79 77 5.85 5.70 13431 13185 
50 | Pennsylvania No. 18 Ory 
and Miscellaneous Oo. s 
(Gnesi alt) si cccwatel y hsbistias aees 28.05 71.95 83 81 6,15 6.00 12955 127 7 
" ose. | RS] RB] BS) EB) Sh] | ie 
ii irginia No.5 B:...00.. 24.07 75.93 89 5 . Be Ble 25% 
8 MS ese afr ono 24.07 15.93 79 75 5.87 5.56 13136 12542 
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TABLE 16 Tests OF FUEL IN HOUSE-HEATING BOILER AT 
St. Louis—(Centiiued) 
Hy 5 oS 
Water LO wp es an) 
pounds a ye) Stee 2a 2 
a | ea 6 (Shoal osalree 
3 Asa| @ [Sn.e6| sa] se 
© | S22 |b (eee oo tae 
gy | Sh] Ss | BES] a (asso) ES | up 
6 2 Aek > eee | = |SaSs) Be 28 
Z 6 .gox| S | 88%) © lakes) Sa | &8 
2 Designation of Fuel ca eaq| 3 leeal § fee. siegs 3a 
® ° Sos H POR | a Teisiom! Om as 
a = ORs S BP | 8 |Yo.s| Hs ® 
S aDrg S o9ea)] 46 SEER ge 23 
B wie S gg Se es 36 a8 
bad o 
AA an meee | 3 ba 
ca] 
49 52 51 53 53.1 54 55 56 
Bib omens 4437 | 1.0720 | 539 | 15.6 | 3.39 | 1797 | 57.0 
58 Tilinole No. ieee cae 3754 | 1.0970] 474 | 13.7] 2,98 | 1580 | 50.2 
59 Men ode Crone CaCO CeG 4159 Fone re ue aa Ves Bes 
inoi Roan ge Sopeilut ees 3989 | 1.07 d : 52. 
5 Titnois ne 5 Git Side Recseareees 4089 1.0800 493 14.3 3.10 1643 52.2 
13,| Illinois No. 12 BW....... 3430 1.0758 416 12.1 2.62 1387 44.0 
Be) Lilinois: NO. 19 Bi cccsecce > acm 3914 1.0798 502 14.6 3.16 1673 yt | 
53 GG Gf cans Saar AE 4886 1.0902 592 17,2 3.73 19.3 62,6 
54 ee og W. . . Slissatane 3599 1.0825 447 13.0 2.81 1490 47.3 
55 etn teas lettansiersmarist 4334 1.0946 554 aot ae Bet 4 
linois No. 29 AW..,.........- 5239 1.0692 665 9. 3 21 0. 
e TERE IN'O G2OsB icicitaructeGusee i 4423 1.0700 615 17.8 3287 2050 65. I 
B01 LIUNOIS NO. ghee. cs) .ccswe ss 4407 1.1330 563 16.3 3.54 1877 59,6 
34 Pept. Nowhere 4801 1.1187 594 17.2 3.74 1950 62.9 
44 Fear Bl Od Pstala tater tcee ests OO RE 4585 | 1.0794 550 i oe Q a : or a 2 
Illinois No. 33...... , 4075 1.0710 521 5 Bis 55.2 
= Indiana No.1B..... 5399 1,0985 648 18.8 4.08 2160 68.6 
Son Tien NO». 5B osc cusses eee 2¢ 5048 1.1161 600 17.4 Sania 2000 to aia 
38 | Indiana No.6 B............ =; 3962 4272 1.0782 542 Vez 3.41 1807 57.4 
10 | Indian Territory No.2 BW..: 4866 5198 1 0682 656 19,0 4.13 2187 69.4 
11 | Indian Territory No, 2B..... 5411 5739 1.0606 729 Pa) 4.58 2430 TES 
1 | Kansas No. 2B 3433 3686 1.0737 461 13.4 2.90 1537 48.8 
40 ae 4023 4357 1.0829 528 150 3.32 1760 55.9 
21 | Maryland No. 2 4895 5224 1.0673 653 18.9 4.11 2177 69.1 
22 a 4188 4489 1,0719 599 17.4 Ste 1997 63.4 
23 os 4260 4581 1.0754 573 16.6 3.60 1910 60.6 
20 es 4079 4377 1,0781 556 16.1 3.50 1853 58.8 
2 | Missouri No, 10 5152 5498 1.0671 718 20.8 4.52 2393 76.0 
3 a 3824 4087 1.0688 522 15.1 3.28 1740 55.2 
4 nt 4036 4356 1.0792 557 1671 S200) 1857 59.0 
53 = 5415 5755 1.0627 708 20.5 4.45 2360 14.9 
28 3720 4014 1,0790 502 14.6 3.16 1673 53.1 
29 4879 6246 1.0752 656 19.0 4.13 2187 69.4 
30 4404 7122 1.0723 6138 17.8 3,86 2043 64.9 
31 4095 4393 1.0728 549 15.9 3.45 1830 58.1 
46 4343 710 1.0845 579 16.8 3.64 1980 61.3 
24 4209 4520 1,0740 565 16.4 3.55 1883 59.8 
25 4113 4413 1.0729 552 16.0 8.47 1840 58.4 
32 3142 3480 1.1076 529 15.3 3.00 1763 56.0 
15 3239 3487 1.0765 465 13,5 2.92 1550 49.2 
26 4069 4367 1.0733 546 15.8 3.43 1820 57.8 
27 3829 4126 1.0775 516 15.0 3.25 1720 54.6 
41 4416 4735 1.0723 606 17-6 3 81 2020 64.2 
42 703 2931 1.0844 564 16.3 8.55 1880 59.7 
16 3473 3743 1.077 478 13.9 3.01 1593 50.6 
17 3581 8816 1.0807 472 13.7 2.97 1573 49.9 
18 5) Pe ens ae 3457 3723 1.0769 465 13.5 2.92 1550 49.2 
19 ry WA ate tte 3627 3909 1.0777 486 14.1 3.06 1620 51.4 
14 See ote oA ener 3844 4132 1.0748 545 15.8 3.43 1817 57.7 
47 | Pennsylvania No. 15 (one- 
half) and Rhode Island 
No. 1 (one-half)........... 3993 4273 1.0700 519 15.0 3.26 1730 54.9 
56 | Pennsylvania No. 18 (one- 
fourth) and Miscellaneous 
No. 9 (three-fourths)....... 4173 4555 1.0915 558 16.2 3.51 1860 59.1 
57 ACR Oe ad gine ny pee 3698 4042 1.0929 Dd 16.7 3.638 1923 61.0 
35 | Pennsylvania No. 18 (one- 
half) and Rhode Island 
INOsMu(one=nalf)) meeene see 3118 8485 ee wire 616 17.9 3.87 2053 65.2 
49 | Pennsylvania No, 18 (three- 
fourths) and Miscellaneous 
No. 9(une-fourth),..... ...| 4808 4636 1.0761 563 16.3 3.54 1877 59.6 
50 | Pennsylvania No. 18 (one- 
half) and Miscellaneous 
No. 9 (one-half)............ 8860 4158 1.0773 531 15.4 3.34 1770 i 66.2 
51 ; : er ear ee 3928 42237 1.0787 530 15.4 3.33 1767 56.1 
dal WorsinianNOso Dxiseemmmeane: 5353 5678 1.0608 710 20.6 4.47 2367 75.1 
8 SO SS ay Tis hewn Sees 4270 4544 1.0642 583 16.9 3.67 1943 61.6 
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TABLE 16 gio OF CEE IN HOUSE-HEATING BoILER AT 
tT. Lovuis—( Continued) 
Economic Results Efficiency 
pounds per cent 
; Fuel per hour per 
; Equivalent Evap-| 100 square feet of 
S oe ae ie and Spree Sur- Boiler ian 
3 ; at 212° . per face (mean load and 
2 Designation of Fuel pound of Fuel carried during | Furnace alas 
2 test) (dry fuel] > ue ) 
basis) asis 
As Fired| Dry |As Wired Dry 
{ 
57 58 59 60 61 62 
aby |PATKAMSaS INOS teristic eee mee 6.14 5.18 5.12 45.22 43.14 
58 Tilinois BNIOs ide erossenisian es maracas oars 4.40 5.32 6.84 5.89 42.19 40.33 
59 a peal, ebee Eb ceinbonooeonesoge 4.7 Bit 6.29 5.48 45.28 43.63 
ASN PUILIMOISUNO wT Bie cha sccret ecu 4.13 4.56 7.28 6.80 41.28 | 39.80 
SOMUMInOIS NocO Orme tenets sere) 4269 5.18 6.39 6.02 40.39 | 38.67 
ASU UNiMoIS INO 12 3 Wires cn ene 5.15 5,84 5.84 5.34 43.52 | 41.69 
De ATENOIS INGO. 19) Bie 2s ciate nissan a wieels 4.7 5.39 6.28 5.80 41.94 | 40.22 
53 Hy UE scot ener ernre Bey 5.91 5.68 5.27 45.99 44.25 
54 He 4.44 4.97 6.78 6.24 | 38.67 37.28 
319) 5.67 6.33 5.30 4.87 49.25 47.61 
9 ! Illinois No. 29 AW 6.98 8.08 4.29 3.79 58.64 57.75 
2 | Illinois No. 29B 6.02 6.59 4.98 4.68 50.66 49.45 
83 | Dllinois No. 31 5.42 6.08 5.54 5.00 48 83 47.93 
34 ee Ben 5.74 6.46 5.20 4.7 51.88 50.76 
44 ve 4.7 5.21 6.33 5.89 41.94 41.02 
43 | Illinois No, 33 4.19 5.36 7.14 6.50 48.01 41.45 
37 | Indiana No.1 B 4.89 5.21 6.16 5.88 42.25 41.46 
36 | Indiana No.5 B 5.44 5.82 5.50 5.30 43.33 42.28 
38 | Indiana No.6B 5.24 5.70 5.70 5.37 43.84 42.74 
10 | Indian Territory No.2BW..... 7.06 7.58 4.25 4.16 52.79 50.28 
11 | Indian Territory No.2B........ Viste} 8.20 3.87 3.79 60.01 58.26 
HM PEC SA SAS INGE OE ay 6 ais a.a Siajoeiss a, 2 5.53 5.69 5.40 5.27 45.29 45.28 
40 eee are eee 5.45 5.86 5.51 5.34 47,74 45.99 
Dior Maryland NOs?) icc. cee.Res ces 8.02 8.54 3.77 3.63 56.13 54.69 
22 = 8.02 8.41 3.76 3.50 55.27 54.69 
23 ey 7.05 7.50 4,24 4.08 49.29 48.08 
20 a 8.42 8.72 3.56 3.51 58.18 57.15 
2) Missouri No. 10.... 4.75 5.58 6.31 5.64 46.50 44.49 
CG) se 5.31 6.28 5.63 5.00 52.34 49.74 
4 Es 5.32 6.27 5.66 5.01 52.25 49.83 
5 vs 5.55 6.41 5.38 4.79 53-42 51.98 
28 | Pennsylvania No. 18 6.92 7.56 4.37 4.01 50.67 50.10 
29 ae 8.05 8.78 3.75 3.48 58.85 58.28 
30 i 9.00 9.52 ‘Sine 3.18 63.15 62.65 
31 a 7.99 8.52 3.77 3.61 56.51 55.62 
46 i: 7.21 7.72 4.14 4.04 52 71 50.90 
24 ss 8.22 8.58 3.67 3.56 58.78 57.44 
25 ae 8.02 &.52 3.75 8.59 57.25 55.86 
32 | Pennsylvania No. 19......... 6.43 6.60 4.65 4.60 45.89 45.50 
15 a MIME Oe cocsceccitantss 7.64 7.96 3.94 3.87 54.92 53.81 
26) Pennsylvania No. 20............ 8.32 9.02 3.63 3.41 61.94 60.88 
27 OED eee Ren 7.50 8.12 4.01 3.78 55.76 54.88 
41 | Pennsylvania No. 20 W,........ oe 8.21 3.76 Sach 56.35 55.39 
42 Ft te cee Bo nent ae 7.56 7.84 3.99 3.94 53.81 52.54 
163) Pennsylvania NO: 22.20 .c..c. 06. 6.81 7.20 4.40 4.33 50.14 48.50 
iyd Sdn MON cen coors cis 7.10 7.41 4.26 4.13 51.60 50.56 
18 CS BP Se rorrasarene 6.74 7.41 4.45 4.32 51.99 49.03 
19 PME eM science eaycroer 7.09 7.716 4.20 4.07 54.45 51.58 
14 gee a cee see aa ake 8.40 9.00 3.58 3.52 62.93 59.79 
47 | Pennsylvania No. 15 (one- half) 
and Rhode Island No. 1 (one- 
ali eteincee tat acta anes 6.55 6.94 4.57 4.57 52.01 49.44 
56 | Pennsylvania No. 18 (one- 
f urth) and Miscellaneous No. 
9 (three-fourths).............. 7.08 7.52 4.25 4.19 56.48 58.75 
STI ee Ate hates Re) i eer oti 6.20 6.60 4.84 4.79 49.57 47.07 
35 | Pennsylvania No. 18 (one-half) 
and Rhode Island No. 1 (one- 
LDN OSes Hes MEPS ctiChcr TL ARON eeet 7.13 7.34 4.19 4.14 52.24 51.43 
49 | Pennsylvania No. 18 (three- 
fourths) and Miscellaneous 
No. 9 (one-fourth)............. 7.16 7.61 4.21 4.10 54.72 52.44 
50 | Pennsylvania No. 18 (one-half) 
and Miscellaneous No. 9 (one- 
RP) ace ieterel token elects ats Helaisiale 6.44 6.98 4.69 4.57 52.03 48.64 
51 ieee ila) xstetehisnecae 6.51 7.09 4.59 4.53 52.85 49.16 
Fal EVAR SUDAN Ov: OES sereseiassie lelelelensi</=121s10 7.98 8.89 3.76 3.59 65.36 61.44 
id ee A I la idane dices 7.42 8.28 4.07 3.86 60.87 Ba) 
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TABLE 16 Tests oF Foe. IN Houss-HEATING BOILER AT 
St. Lours—(Concluded). 
n 
Fuel at $1 per 2000 3 oh 
pounds AP i 
A Es ea Sune 
HO, s= g oO gq 
eOou B ian] 3 oO n 
338 so = i) o 5 CO) 
5 a 6 on Dn 
g gi3%| 332 | 52 | Se2| ag | 55) FS 
» Designation of Fuel eee St ey ll Behe) eS Se |b © 
g | 2382 Senclgs Lowe |oee lhe iege 
i) lea Sieneallmeestons xs) go ® B= os 
goks Dns a qe =) q faa) 
VS) ers el eee Ale 
Smad ogdqd oy oO 
oO =} DL ome 2 o 
HO. (2) Ss tof) 
tose Sis, i s 
pp —S i oO 
nvueo i=) > 
ga" | 3s : < 
(2) - E 
64 65 69 70 71 ith 
Abu AT Kansas INO. IS25 nh... cect neeneces|) LOLSSIO 8.67 8-16 155 1.66 15 30.8 
HSA LULIMOTSMIN OS dl wees itesrecetel ask sere imcertetehots 8420 11.36 8-14 ila 1.58 38 25.7 
59 ee Or Pathe nlem ates eee nete 3150 10.50 8-16 Wis) 1.60 38 41.2 
Sal TNO NG sus eae as Meters (lemme 3640 12.10 a5aA 161 1.33 19 40.3 
On| aPTINOISNO: Si Care. wn ose eerai ese 3200 10.65 esters 145 1.36 28 32.6 
13 | Illinois No. 12 2420 9.71 RAAE 74 .92 0 24.1 
52 | Illinois No. 8140 10.44 4-12 163 1.56 0 37.1 
53 14 2840 9.49 8-16 155 L387 20 30.3 
54 4 8390 125) 8-16 162 1.61 21 32.5 
55 2650 8.82 6-14 153 1.56 0) 31.5 
9 | Illinois No. 2150 7.16 Rise 62 -66 0 19.2 
12 | Illinois No. 2490 8.31 vente 67 .65 26 34.6 
33 | 1llinois No. 2770 9) 23 aes 163 1.56 13 22.4 
34 rig 2600 isla Zil feiete 167 1.61 24 23.7 
44 a 3170 10.55 8-16 161 1.39 46 29.1 
43 | Illinois No. 33...... 8570 11.93 6-18 162 1.30 14 32.8 
37 | Indiana No,1B 3080 10.22 4-16 158 1.19 48 28.5 
36 | Indiana No.5B 2750 9.19 4-14 155 1.40 34 32.2 
38 | Indiana No 6B 2850 9.54 8-14 163 1.58 47 32 3 
10 | Indian Territory No.2 BW........ 2130 7.08 edas 74 79 0 30.4 
11 | Indian Territory No.2B 1940 6.42 Ron 67 are 0 25.2 
1 | Kansas No. 2 Bove es 2700 9.04 aiaty 56 -66 44 22.6 
40 2760 9.18 6-18 160 1.65 33 26.4 
21 | Maryland No. 2 1890 6.24 sere 93 1.14 0 14.4 
22 Oe ON Getenurces eae 18x0 6.24 ae 140 1.32 0 Ree 
ZI) ee Me | MEAS crnomcdapolTocercan 2120 7.09 wrens 163 2.00 0 10.7 
20 2: Se DR acon ere 1780 5.94 arte 65 .98 0 1.4 
De MLSSOUELUNO+ 1.0 son neiameacenereiten .3160 10.52 aoe 116 yhidi 29 41.6 
3 oe © ae Ser ren - 2820 9.42 Rei 55 56 38 51.4 
4 pn aoe es 2830 9.40 _— 55 -b2 29 30.6 
5 Sr ea Pease Nee 2690 9.01 aS 65 “OL 30 41,1 
28 | Pennsylvania No. 2190 7.23 Nae 145 2.00 0 12.7 
29 ts 18X0 6.21 were 163 2.00 0 14.2 
30 ‘i 1670 5.56 sone 131 1,92 0 25.5 
21 “a 190 6.26 4-12 138 2.00 0 36.8 
46 ‘ 2070 6.94 sears 163 2.03 20 26.7 
24 i 1840 6.08 138 2.00 0 a2 
25 a 1880 6.24 138 2.00 0 9.2 
32 | Pennsylvania No. 19.. 2330 7.78 135 1.64 0 45,7 
15 ae ele Mra Sanaa ate ee 1970 6.54 41 -68 0 14,2 
26 Pennsylvania No. 1820 6.01 131 2.00 0 16.6 
27 he 2010 6.67 Bone 138 2.00 0 A ere 
Al Pennsylvania No. 1880 6.27 4-16 148 1.96 0 29.7 
42 i 2000 6.61 6-18 129 1.73 0 ae 
16 Pennsylvania No. 2200 7.34 aieate 61 -87 0 2a 
da Ea - 2130 7.04 60 .89 0 26.7 
18 - 2230 7.42 69 1.00 0 23.3 
19 : 2100 7.05 138 2.01 0 22.9 
14 1790 5.96 62 .95 0 16.1 
47 | Pennsylvania No. 15 (one-half) and 
Rhode Island No. 1 (one-balf). 2290 7.64 4-18 163 2.06 24 29.9 
56 | Pennsylvania No. 18 (one-fou rth) 
and Miscellaneous No. 9 (three- 
LOULENS) cde denn eee 2130 7.06 8-18 161 2.04 24 32.2 
57 | Pennsylvania No. 18 (one half) and 2420 8.06 8-16 163 a7 25 31.4 
35 Rhode Island No. 1 (one half).... 
§ a hoopandomoooucoomwous 2100 7.01 4-12 162 1.88 0 19.3 
49 | Pennsylvania No,18 (three fourths) 
and Miscellaneous No. 9 (one 
LOUTH) He theceee eee es 2110 6.98 162 2.06 16 
50 | Pennsylvania No. 18 (one-half) and 
Miscellaneous No. 9 (one-half)... . 2350 ale 8-16 162 1.96 0 28.9 
ST UM T aad PO db het CAND cape Ricouese . 2300 7.68 10-18 163 2.00 0 32.6 
|| MAME BIVENS NOYES 355. Gopbuss ones. .1880 6.27 ee 65 £78 0 16.7 
8 Ry Wit ncols epee ion cs .2040 6.7 123 | 1.56 0 | 39.5 
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TABLHE 17 


AVERAGE PERCENTAGE OF COs, O2, AND CO 
FROM 52 TESTS MADE ON FUEL IN HOUSE- 
HEATING BOILER AT ST. LOUIS 


Test Test 
NO. CO2 O2 CO No. CO2 O2 co 
if | 
7 10.1 | 6.35 0.40 34 ae 10.9 0,1 
8 10.9 5.4 1.02 35 7.8 9.80 -10 
9 10.22 7.56 1.7 36 Hoe) 8.3 96 
10 9.74 8.44 284 37 12.1 4.3 15 
11 Hand: 10.0 68 38 9.3 6.8 55 
12 9.26 8.30 44 39 8.75 5.45 1.0 
13 6.96 11.35 .20 40 Sie 8.86 53 
14 vine) 10.68 52 41 6.7 10.8 20 
15 5.8 11.30 18 42 iad 9.8 +25 
16 6.8 bee} Faye) 43 6.8 11.4 4 
17 6.8 10.26 +43 44 76 9.4 4 
18 TO ales OES 65 45 13.3 4.3 6 
19 8.0 8.77 84 46 10.3 6.75 -65 
20 dale 9.83 DS: 47 9.2 9.25 15 
21 8.6 7.25 pail 48 8.3 9.8 6 
22 8.0 6.58 1.62 49 8.1 9 80 -60 
23 Hai 7.40 1.28 50 8.6 9.3 15 
24 6.8 11.84 24 51 9.4 9.0 .60 
25 7.0 11.60 11 52 8.75 7.65 1.50 
26 7.6 10.35 .28 53 9.8 6.65 1.0 
27 5.8 12.81 05 54 O77 65 6 
28 180) 10.75 46 55 12.5 4.0 atk 
29 1.4 10.76 34 56 9.8 7.10 40 
30 7.4 10.63 A3 57 o79 7.90 25 
31 6.5 10.40 30 58 9.3 8.1 45 
32 te 10.35 a bs 59 9.7 LA 1.2 
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TABLE 18 
Tests oF FUEL IN HOUSE-HEATING BOILERS MADE AT THE 
ENGINEERING EXPERIMENT STATION UNIVERSITY OF 
ILLINOIS* 
Tests on Briquets 
ne n s 
Average Pressure eee ea 
oe oD a 
o 
a Steam Draft (in. 
4 wu q 
oF gage of water) | 4] g | -aes 
6 Date as aio} Ha 
7 | 5 88 |—— - ees 
+» | | Designation of Fuel |Shape of is a a) A) @ 
n| oO eye = | H 2 q wu ea 
2; | Briquets 5 me o = Hl oO at 
= 2 E g ea) SONS || Tepes 
(a) Cel “4 B ry 3S © o 
S| 8 ie! 8/81al se 
~Q oD Kul Ap & 
a fo) 
1907 1 10 ll 12 13 | 14) 15) 16 
136 | D1| Dlinois No.7 E...... Round.. Juwupet9. |'S.62 | 4.25 | 1.87 } OS | 0:10 ere .. | 1489 
137 | De cas Reece : x M38" Pa OB TSS) 6) 1) 06 (eee eema leo Sto 
152 | Di | Illinois No. 9 C.. June 28. | 7.78 | 6.39 | 2.02 Ait) 12 | 74) 79) 164.5 
15a || LDP) Ve en cae Be 8.02 | 5.04 | 1.71 5 -06 74| 79) 168.3 
154 } Di} Lllinois No, 30 W.... June 29. | 7.97 | 7.04 | 2.06 a3 5) 12 82 | 83 | 159.9 
155 | D2 Y 3 Paes 7.50 | 3.60 | 1.32 13 03 | 82] 83| 161.6 
142 | Di | Illinois No. 31 June 22. | 7.35 | 6.69 | 2.05 Ad eli eile acetal! aller 
143 | D2 7 > onek ati oy 6.85.1 5.22) |) 1.67 As) -05 fs eeueckosert! 
144 | Di , -| June 24. | 7.93 | 5.61 | 1.94 17 10 Pa ie ceeee taal ASSO} 
145 | D2 ; i ‘ ae 1.02" 6.021 17 22 04 ee -. | 144.5 
158 | D1 Illinois No, 33 -| July 2. T.97 | 6.78 |) 2:05 15 12 || 754 81) 165.2% 
159 | D2 : Recess 3 ie S16: | S34") Toit 18 eOD lined 81 | 166.0 
140 | Di Indiana, No. (I > ere .! June 21. | 7.97 | 6.12 | 2.08 15 12 ie wel) $Oeso 
141 | D2 Joe SO gins ey W497 | 5.30! || 1:68 18 .04 seh telah) Won O, 
146 | D1 Indiana INO GBs June 25. | 8.05 | 6.32 | 1.97 15 ile! 78| 82| 169.1 
147 | D2 ; ‘ 5 : rn = 8.00 | 3.7 1.46 19 -02 78) 82] 173.4 
148 | Di ~ Square.. June 26. | 8.08 | 6.59 | 2.07 sia. oS Wevitel SSM) bas 
149 | D2 i pe Pevaoner ” 8.25 | 5.44 | 1.74 17 05 | 77 | 83} 156.6 
138 | D1| Missouri No. 10...... Round.. June 20. | 7.95 | 5.68 | 1.97 14 SLO) eet eal | ek Conk 
139 | D2 eke >a 4 TOT ed Adem 186 5 20) NOD a|mueenl meeelmleouT 
156 | D1 Eeones ale No. July 1. 9.17 | 6.11 | 200 14 12 | 83} 88] 167.2 
2 0 
157 D2 es sees é5 os 8.02 | 5.40 | 1.60 14 .07 | 83] 88] 169.7 
150 | D1| Pennsylvania No. 22.} Square.. June 27. | 8.13 | 5.72 | 2.02 18 14 | 74] 79) 157.5 
LOZ ee eee 05 S 8.45 | 6.09 | 1.86 15 06 | 74) 79) 165.4 


*See ‘21, Data and Results,”’ p. 63. 
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TABLE 18 
TESTS OF FUEL IN HOUSH-HEA'TING BOILERS MADE AT THE 
ENGINEERING EXPERIMENT STATION, UNIVERSITY OF 
ILLINOIS—(Continued) 
Tests on Briquets 
’ | 
Fuel as Fired (pounds) Dry Fuel (pounds) 2 S 
Sra = 
cs) a Qa) s 
8 | 3 2 |38 | 2E/8 
= ® ® Sie | Terey 
" wn w Le} fe} ie) [aay S es} 
Soles ig 2 e zo # ey lh pale =| Sa 
4 & | Designation of Fuel S 3. a HE ey fa leas an 1 © 
nl A “a a Se a Lo ot =e 
o |; 5 im Be) 23 Ss 28 | Pog! da} s 
Pe OO) tee oe Sax SP ao | adie 
= 2 BH 2 30 Sale 
| S 2 i) 2H rm a 
I ° } ° 5 pe) io} 
~Q cS) id) ie) is) 
— ‘S 
20 21 all 21.2 23 23.1 23.2 24 25 
136 | Di] Illinois No.7E....... 6.0 | 372 74.4 | 340.5 | 347.9 | 316.4 | 307.4 | 34.0 | 82.5 
137 | De oe pre 6.2 | 335 | 337.5 | 318.9 | 3136 | 2963 | 272.8 | 76.0 | 34.0 
152 | D1] Illinois No. 9 C.. 10.0 | 275 | 279.0 | 2662 | 259.8 | 2478 | 245.2 | 26.0 | 27.0 
153 | D2 i Roe 106 | 375 | 3790 | 362.0 | 352.9 | 3880 | 325.8 | 51.0 | 93.5 
154 | D1} Dlinois No. 30 W......| 10.0 | 255 | 259.0 | 251.1 | 242.6 | 9352 | 233.9 | 13.0 | 14,2 
155 | D2 a 10.0 | 300 | 304.0 | 280.5 | 284.7 | 262.7 | 256.9 | 23.0 | 27.7 
142 | D1| Tlinois No. 31......... 6.0 | 265 | 267.4 | 253.9 | 241.9 | 229.7 | 224.0 | 27.0 | 24.0 
143 | De Se retarct 10.0 | 275 | 279.0 | 269.3 | 252.4 | 2436 | 232.6 | 45.0 | 14.0 
144 | D1 - 7.5 | 275 |-278,.0 | 267.8 | 254.5 | 245.2 | 236.1 | 35.5 | 16.0 
145 | D2 w.sses.| 72 | 300 | 302.9 | 288.9 | 277.3 | 2644 | 949.7 | 42.5 | 20.5 
158 | D1| Mlinois No. 33..... 10,0 | 260 | 264.0 | 254.6 | 2475 | 2386 | 235.8 | 24.0 | 19.0 
159 | D2 si -......| 10.5 | 340 | 344.2 | 3268 | 322.7 | 306.8 | 301.4 | 34.5 | 26.5 
140 | D1| Indiana No. 1B....... 10.0 | 275 | 279.0 | 268.7 | 260.0 | 250.4 | 240.6 | 32.5 | 16.0 
141 | De ee ROO. 100 | 300 | 304.0 | 291.8 | 283.3 | 271.9 , 261.4 | 43.0 | 15.5 
146 | D1] Indiana No. 6B....... 10.0 | 265 | 269.0 | 2614 | 255.3 | 248.1 | 244.2 | 23.0 | 17.5 
147 | D2 a -_.....| 10.0 | 340 | 3440 | 318.6 | 326.5 | 3024 | 297.2 | 33.5 | 33.0 
148 | Di ose 10.0 | 265 | 269.0 | 253.2 | 255.8 | 2408 | 233.8 | 21.0 | 315 
149 | De oe ‘ 10.0 | 340 | 344.0 | 326.3 | 327.1 | 310.3 | 303.5 | 38.5 | 26.5 
138 | D1| Missouri No 10,..... 6.0 | 300 | 3024 | 282.5 | 282.6 | 2640 | 247.5 | 57.0 | 27.0 
139 | De ue ie! 6.0 375, | 3774 |) 3602) | 35256 || 386.5. | 822-7) 16215) 532.0 
156 | D1 | Pennsylvania No.20W| 100 | 225 | 229.0 | 214.6 | 2218 | 2078 | 292.7 | 172 | 16.0 
157 | De oY Mi 11.0 | 225 | 229.4 | 217.4 | 225.2 | 210.6 | 2019 | 220 | 14.7 
150 | D1] Pennsylvania No, 22..} 10.0 | 225 229.0 209.2 220.7 201.6 196.7 20.0 | 24.0 
151 | D2 ie me 10.0 | 926 | 280.0 | 252.5 | 269.9 | 243.4 | 236.0 | 25.0 | 38.0 
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TABLE 18 
Tests of FuEL IN HOUSE-HEATING BOILERS MADE AT 
ENGINEERING EXPERIMENT STATION UNIVERSITY 
oF ILLINOIS—(Continued) 
‘Tests on Briquets 
a - 

Proximate Analysis Be | Residual Fuel 

of Fuel as Fired a i er cent 

per cent aq ° 
Sos 

5 ee 5 

o gq o 

o = Ld ny 

Z| 8 2 & g LE q 3 

» | io Designation of Fuel 5 = 5 Se ° Ss 

n io) O ze) a is) Q aa 

2) A Zo & a < ak 8 B 

a o i g =A ) ve 

bq = a ae iS 

Fa e y 
| ote <j & 
| 

26 27 28 29 35 37 38 
163 Tn || TGHETASHES)s 795)..5-., anvepe socwse aR Net SE Gee Soaaeeor 27.43 | 26.50 | 73.50 
137 | be i eee Sian is Ng eee nares SOTA Bes eee 27.43 | 35.34 | 64.66 
VD) GBM) TAbbhaVaNIe} Noy PON os at Sade asdullundS aro lledon oees 6.89 14.69 | 35.87 | 64.13 
153 | D2 RN rh tae ROMS LPN a GiSO0 lene 14.69 | 51.44] 48.56 
Te NONI) CBU haO TINA CU aohonebiomtnns Sena aconllemon ayes 6.34 8.35 | 46.47 | 53.58 
155 | D2 i aN a arth SO doh eree See aha | GO. at Gisele 8.35 | 71,34] 28.66 
Zeta LiinoigtNos oles. ukemi ce scctene em celine cee Gabo teeseneas 16.81 | 40.71 | 59.29 
143 | D2 So tak Be. sane ie ie Si tT | eisai tillaono cee 16.81 | 50.39! 49.61 
144 | Di Dae OE ail 2. Sees Som orem eel a eerie ect ialls oa tee 16.76 | 46.16 | 538,84 
145 | De a RE th Ae i Rte ek. Ib oaett 8.46 16.76 | 49.72 | 50.28 
5G || TOMA | TObEheveNIG aN OPER rebar. aocch oe staaunkits oaécdlocamaeen 6.26 13.67 | 40.06 | 59.94 
159 | D2 oY SP IA ee MPL E ine del See Ns 6.26 13.67 | 53.09] 46.91 
140 | D1 | Indiana No. 1B.. 6.80 14.11 50.81 49.19 
141 | De at TAS 4 cory, ad 6.80 14.11 | 62.24 | 87.76 
PAGu od || THAN BIOL! By. eUnacretre Pave Spite gles all Malar ante COB meee 12.97 35.80 64.20 
147 | De vila is SE ne | geaes hears Seen 5 08am ee 12,27 | 63.04 | 36.96 
148 | Di le Wines c a: chen Nr eee PAR Ones te 3.51] 40.29 | 59.71 
149 | De UE aad SEO Mirch ee ost So | <a COONS Aas age 13.51 | 53.58 | 46.42 
THIS. OLN] NCCT, We sedan sanseuuseclecesnecalle 6x50: me 21.57 | 51.85 | 48.15 
139 | De DTG er oe ee 6.56 21.57 | 37.98 | 62.02 
156 | D1 Pennsylvania INOS SO. WY eae ouch eal ete athe etme ree BitG ee coe 7.98 85.21 14.79 
157 | De a ee ie eee tee a ZACH swe 7.98 | 76.78 | 23.22 
150 | Di Pennsylvania ING Hi22 ses culee haere wien Ces lel amorouon 9.68 | 74.34 25.66 
(EST Wes ee ment Mn Cae nie ene eae SESE Nan gl AS bi S6t ile 968 | 65.23] 34.77 


SNODGRASS—FUEL TESTS—HOUSE-HEATING BOILERS 105 


TABLE 18 


TESTS oF FUEL IN HOUSE-HEATING BOILERS MADE AT THE 
ENGINEERING EXPERIMENT STATION UNIVERSITY OF 
ILLINOIs—(Continued ) 


Tests on Briquets 


Ash (per cent) 


Dry Fuel per 
hour (pounds) 


British therm- 
al units per 


pound of Fuel q 
<=; oS 
ee 
5 83 oe 
3 p sS q 
Z & q 3 oe Ss o 3. 
ec Designation of Fuel 3 Ss = aa <3 z Eo 
Oo} a =I > ° So e & ae 
a 8 a a 2 A * ae 
\S) re) as be S) 
A BO a 
oat Ay 
40 41 43 44 45 46 47 
ASSN DT PU MOISENO 207) Ei ceaets a ee eects 18.380} 81.70 | 36.72] 8.58 10142 9425 | 1.02 
137 | D2 id ety eee ete aea 21.47 | 78.53 | 40.13] 6.69 10142 9425 61 
152 | D1] Illinois No. 9C.... 8.23} 91.77 | 31.84) 7.43 11845 | 11029 .99 
153 | D2 Rn ee 19 44] 80.56 | 42.16] 7.03 11845 | 11029 .90 
154 | D1] Tllinois No. 30 W.... 9.32 | 90.68 | 29.52] 6.90 13134 | 12301 .82 
155 | D2 ie agent as Se ae ee ae 22.77 | 77.23 | 85.08 | 5.84 13134 | 12301 1.11 
TAQ UN! MMOL NOuSlin. ce coswe cos ace 17.01 | 82.99] 31.25] 7.30 11685 | 10571 .83 
143 | D2 VOOM AEE, eRe eee 38 19.50 | 80.50] 35.56] 5.93 11685 | 10571 .66 
144 | Di TM cfc: snes 20.30 | 79.70] 30.90] 7.22 | 11574 | 10595 | 1.09 
145 | D2 De Tale ae ete aah pe an 2 27.41 | 72.59 | 35.17 | 5.86 11574 | 10595 Ae) 
P5SPM DMD IMOTSNOM88...0. ccc ccsen tay 10.26 | 89.74 | 29.95 | 7.00 12573 | 11786 .95 
159 | D2 SEER LES ER Ae EERE a 12.38 | 87.62 | 37.58 |' 6.26 12573 | 11786 .89 
140) DN indiana, No. 1B... 520. ocseene 25.57 | 74.43 | 31.43 | 7.34 12379 | 11537 85 
141 | D2 ee SE eee ene he Maar a 20.85 | 79.15} 86.42 | 6.07 12379 | 11537 .69 
146) DiI indianaNos:6 Bie. cece. cenascccc 14.58 | 85.42} 30.82! 7.20 12617 | 11976 -90 
147 | D2 ca? Walaa pore Ren A ted Enea an 18.47 | 86.53 | 37.81 | 6.30 12617 | 11976 .93 
148 | D1 Sey Sine, “GRE AP eee Oe 7.87 | 12.18] 29,78] 6.96 12319 | 11714 16 
149 | D2 ee A SER OED IN eee aan 14.94 | 85.06 | 37.61 | 6.27 12319 | 11714 81 
TSS 7|sDlo | MNUISSOUrI PIN Ol Osea nee nee see 21.87 | 78.13 | 33-21 | 7.76 11012 | 10290 93 
139 | D2 pe Setacuntonene 16.64 , 83.36 | 43.89] 7.32 11012 | 10290 .65 
156 | D1] Pennsylvania No. 20 W........ 28.87 | 71.13 | 22.67] 5.30 14262 | 13811 .98 
157 | D2 ae Pats ae Ee 38.61 | 61.39 | 26.26] 4.38 14262 | 13811 -78 
150 || Dl |) Pennsylvania Nor 22. ...0...... 23.17 16.83 24,79 5.79 13646 13153 1.08 
151 | D2 - 27,70 | 72.30 | 28.80] 4.80 13646 | 13153 .80 
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TABLE 18 


Tests OF FUEL IN HOUSE-HEATING BOILERS MADE AT THE 
ENGINEERING EXPERIMENT STATION, UNIVERSITY OF 
ILLINOIS—( Continued) 


Tests on Briquets 


| 
} 


‘S Water Water per hour 
| 3 pounds 4 pounds “ 
| 5 2 2 
| g So coe ee 
| g Sie i cee eon ea 
| i oa As 3 2m 3B .2o] © 
| ae be s 3 ho RE, So] A 
| a3 ® Ss os > on {ORS 
- | HO eu | aera ea) (2 Am |B" El 
218 sn | g@les|some) « | $2 |Exsgl 2 
4) 2 Designation of Fuel One | SS lado iS eat see = 
cae Ho | S| enlSenl 2 | So lesse| & 
® | ° 3 LAR 3 aitet |lsfaeceMel| oo 
q arr io} Se ral 2 oe |outs F 
| u o rs) io) g 3 3 Bap toe] q 
| f |H 1s |ge| & | fe \Bead) g 
| S) La g = “aS 
= Oe a0) Se Neo 
| 48 49 50 | 52 51 | 53 | 54 
POG M OT LIMOS NOs? Bion: owas ater 0.9905 | 1292 | 1280 | 1366 | 1.0677 158.5 3.63 4.59 
137 | De pe atinnaeteaamese .9943 | 1386 | 1377 | 1457 | 1.0580 197.3 2.69 5.72 
Pea ROT LinoIs INOw9" Orec.scicacetaeen .9907 | 1215 | 1204 | 1266 | 1.0517 162.7 3.72 4.72 
153 | D2 gn ie ae ere. cee oe .9914 | 1589 | 1575 | 1650 | 1.0477 205.8 2.80 5.97 
154 | D1} Ulineis No. 30 W -9923 | 1302 | 1292 | 1365 | 1.0566 171.3 3.92 4.97 
155 | D2 tae Wl 38 er .9895 | 1234 | 1221 | 1287 | 1.0542 171.6 2.34 4.97 
LeU oINOTSSINO: (Slanesce.. .9923 | 1147 | 1138 | 1212 | 1.0655 165.0 3.78 4.78 
143 | D2 ae ae a pe ee .9938 | 1346 | 1337 | 1421 | 1.0626 207.5 2.83 6.01 
144 | Di A A cat RSS ; .9900 | 1228 | 1216 | 1296 | 1.0660 163.5 3.74 4.74 
145 | D2 i | .9933 | 1457 | 1447 | 1552 | 1.0722 206.7 2.82 5.99 
AGS a| OM MELLINOIS NOS acm eects caters cite 9910 | 1270 | 1259 | 13828 | 1.0512 166.0 3.80 4.81 
159 | D2 SO ge re ee ocean .9916 | 1515 | 1502 | 1577 | 1.0497 193.5 2.64 5.61 
HOR DI Indiana INO Bs ssecscaeceee .9920 | 1216 | 1206 | 1285 | 1.0650 161.3 3.69 4.68 
141 | D2 a = .9935 | 1281 | 1273 | 1350 | 1.0592 180.7 2.47 5.24 
IpOM MDa ENATamn a, INOW 6: Bi ieiessaesrecteincte .9914 | 1270 | 1259 | 1320 | 1.0469 164.0 3.75 4.76 
147 | D2 Mee ie Apt rie eee osc .9911 | 1420 | 1407 | 1466 | 1.0420 183.3 2.50 5.31 
148 | D1 ue Soeceac ated ads .9929 | 1299 | 1289 | 1368 | 1.0609 169.2 3.87 4.91 
149 | De Mole pe Maer unger ce ton aca .9923 | 1669 | 1655 | 1754 | 1.0598 | 212.5 | 2.90 | 6.16 
138 | D1 | Missouri No, 10. .9912 | 1243 | 1232 | 1297 | 1.0532 163.2 3.74 4.73 
139 | D2 a .9939 | 1557 | 1546 | 1630 | 1.0534 212.5 2.90 6.16 
156 | D1 .9907 | 1377 | 1364 | 1431 | 1.0489 156.1 3.57 4.538 
157 | D2 .9926 | 1555 | 1543 | 1614 | 1 0460 201.3 2.74 5.84 
150 | Di .9899 | 1264 | 1251 | 1325 | 1.0590 163 0 3.73 4.73 
151 | Do 9924 | 1689 | 1676 | 1761 | 1.0506 208.4 2.84 6.04 
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TABLE 18 


TESTS OF FUEL IN HOUSE-HEATING BOILERS MADE AT THE 
ENGINEERING EXPERIMENT STATION UNIVERSITY OF 
ILLINO1IS—(Continued) 


Tests on Briquets 


meat F020 33 Economic Results (pounds) 
BS 
ta] 0 nu 
a ere as ; Fuel per hour 
bp Sein oS Miquivalent | per 100 square 
A sc. 2 3 | Evaporation | feet of radiat- 
8 = ase a a, from and at ting Surface 
ey | | fe a 212° F. per (mean_load 
els Designation of Fuel & 8 | Sas] os pound of Fuel comet ae 
o rea S$ Se) = os ing tes 
is) Pr) G28 a e 
oy & of c= 12 ue) oS 
o3% 33 a Ss = 
a) Pss oo Ko} Bq z Ae 
I psi) a ae as a Ss 
5 25 Sc ee cee A 
a ON AO Ae ua D 
nN n AS <q 
{ 
55 55.1 56 57 58 59 60 
136 | D1 Illinois INOS 7 Ne seo goenagenane 528 566 66.0 4.01 4.44 7.43 6.95 
137 | D2 ies: 658 761 61.2 4.57 5.34 6.57 6.10 
152 | Di Illinois No. 542 580 67.8 4.76 5.16 6.31 5.87 
153 | D2 eas 686 789 63.8 4.55 5.06 6.60 6.15 
154 | D1 Illinois No. 571 609 71.4 5.44 5.84 5.52 5.17 
155 | D2 P 572 75 63.2 4.59 5.01 6.54 6.12 
142 | Di Illinois No. 550 588 68.8 4.77 5.41 6.28 5.68 
143 | D2 ; 692 795 64.3 5.28 6.11 5.68 5,14 
144 | Di + 545 583 68.2 4.84 5.49 6.19 5.67 
145 | D2 a Saute fete tep[ol ais tec 689 792 64.1 5.37 6.22 5.58 5.10 
PSSM Ps MELIMOIG NOS weremee elessiseriey tele 553 591 69.2 5.20 5.61 5.77 5.41 
159 | D2 be ey ee re ee 645 748 60.0 4.83 5.23 6.22 5.83 
(EQ) || IBA) Sharer pokey Ie, WU eis Sead wees coabAn 538 576 67.2 4.78 5.384 6.27 5.85 
141 | D2 POE i Ta ee SER ene eee AER 602 706 56.0 4.63 5.16 6.49 6.05 
146: 1 Di | Indiana IN0:'6 Bion. ecw. cers 547 585 68.3 5,05 5.41 5.94 5.64 
147 | Ne ee Pek BM eet lars naiccenaince Gi s7h4 56.8 4.60 4.93 6.52 6.19 
148 | D1 es 564 602 70.5 5.40 5.73 5.55 5.28 
149 | D2 a 708 812 65.8 5.38 5.78 5.58 5.31 
138 | D1| Missouri No. 10.. 544 582 68.0 4.59 5.24 6.53 6.10 
139 | D2 3 708 812 65.9 4.53 5.05 6.63 6.20 
156 | D1} Pennsylvania No. 20 W..... . 520 558 65.0 6.67 7.06 4.50 4.36 
157 | D2 re Roth CoOUGGUDO 4 671 774 62.4 7.42 7,99 4.04 3.91 
150 | D1} Pennsylvania No. 22......... 543 581 67.9 6.33 6.74 4.73 4.56 
151 D2 Pee te @ WP cece PARE OOD 695 798 64.6 6.97 7.46 4.30 4.15 
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TABLE 18 


Tests oF FugL IN HOUSE-HEATING BOILERS MADE AT THE 
ENGINEERING EXPERIMENT STATION, UNIVERSITY OF 
ILLINois—(Concluded) 


Tests on Briquets 


(hours) 


ree s, ‘ = Average |S 88 

Efficiency (ASu | 54 |S Interval |383 

per cent is} par asS |e ee hours Seog 

Set See lee w22 

S28s| aby os ooe 

8 Begs] yes [geal e|s (sss 

5 Base] 229 [343] 2 | ag [ERS 

Oni te, m4 amyae| 23 18ad! a oq Oe 

2/2 ee B aa fog |8o5| 2 | See lacs 

ae Designation of Fuel Fy gS |8588| oS3 428 & |e on Hse 

© | z She Sache aos ‘Oral mes asa |kee 

eS 3 Py |s35) Suk [se | @ | Sam [ews 

5 Sei | ae ise | | ea (eee 

& Boats nBH | Sm o Pn Misia 

i) em Se i Oo |e oak 

| sa e) ae 

61 62 64 65 70 71 72 73 
136) | D1 | Tlinois*No, 7 E.........-.-| 42228 41.09 | 0.374 12.47 75 1.53 1.02 ; 
6137) D2 eee we Gta aroracs 50.85 46.83 B74 10.94 45 1.04 aa 4 

152 DI El nMOlswNO:-O Chencaatacecs 42.07 41.69 .328 10.50 75 2.13 2.13 22 

153 | D2 OD, dl WON ER Bee 41.26 39.84 -316 10.99 75 i P79} NES iet 22 
154 | D1! Llinois No. 30 W.......... 42.94 42.71 -330 9.19 15 2.40 2.40 2. 

155 | D2 oy Pye!» CCR RCE ee 36.84 36.04 276 10.89 75 1.74 1.74 2.37 
DAD Gt as| LUIMOUS INOS. see eccrecierns 44.72 43.58 sed 10.48 75 2.31 2.31 2. 
143 | De o 50.50 48.24 B14 9 47 15 2.13 2.13 2. 
144 | D1 mt 45.81 44.12 284 10.33 75 2.52 2.52 2. 

145 | D2 th 51.90 48.95 .310 9.31 7 2.01 2.01 a2 
1580!) Tinos! NOws3ianecs ace cma 43.09 42.61 (279 9.62 V5 2.61 2.61 De, 
159 | D2 = 40.17 39.58 289 10.35 15 1.91 LOL 2. 
140 | D1} Indiana No.1B 41.66 40.02 -oll 10.46 75 2.21 2.21 2. 
141 | D2 ri 40.26 38.76 .3l4 10.80 75 1.94 1.94 2. 
146 | D1 | Indiana No.6B 41.41 40.73 -320 9.90 vis) 2.54 2.54 3. 

147 | D2 on 37.74 37.10 .297 10.87 bi) 1.89 1.89 2.48 

148 | Di se 44,92 44.52 326 9.26 15 2.73 2.81 3.62 

149 | D2 a 45.31 44.36 27 9.29 75 2.14 2.14 |. 1.83 

138 | D1 | Missouri No. 10 45.96 43.08 .279 10.89 75 1.91 1.91 2.00 

139 | D2 Oe: 44.29 42.52 327 11.04 Wie) 1.42 1,46 1.67 

156 | D1| Pennsylvania No. 20 W...| 47.81 46.64 332 WhO 75) Blea Seep: 3.60 

157 | D1 a Se eae 54.11 51.89 225 6.74 75 3.12 Siat ls) 3.35 

150 | D1| Pennsylvania No. 22...... 47.70 | 46.48 +202 7.90 | "5 |°3.44 | 3.44 3.68 

151 | D2 enn es ory i 52.80 51.18 215 x ASS ie is) 2.51 2.52 Ee 


@ Based on fuel as $1 per 2000 lb. 


